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CHAPTER  I 
INTRODUCTiaJ 

By  virtue  of  an  available  empty  p-orbital  on  the  boron  atom,  tri- 
covalent  boron  compounds  can  accept  an  electron  pair  from  various  donor 
species.  Addition  compounds  between  boranes  and  a  variety  of  Lewis 
bases  have  been  kaomi  for  many  years,  but  there  is  little  kno;-m  about  the 
change  in  activity  with  the  change  in  the  donor  species. 

Perhaps  the  best  characterized  of  these  adducts  are  the  amine- 
boranes,  and  there  are  several  general  review  articles  on  the  B-N 
bond,"*  -*»  ">^"^  The  first  raethylamineborane  to  be  characterised  was  tri- 
methylamineborane,  which  was  synthesized  in  1937  by  Burg  and  Schlesinger.^ 
Tlie  compound  was  originally  prepared  by  a  displacement  reaction  between 
borine  carbonyl  and  the  amine,  and  subsequently  by  the  direct  reaction  of 
the  amine  and  diboranc.  Trimethylamineborane  has  also  been  prepared 
from  hydrogen  and  trimethylaminetrialkylboranes.    Tlie  variety  of 

melting  points  assigned  to  monomethylaiuineborane  was  attributed  to  siaall 

50 
amounts  of  impurity  incurred  in  the  preparation,  but  Parry  et  al. 

prepared  the  pure  compound  by  condensing  the  amine  onto  a  diborane- 
tetrahydrofuran  solution  at  -75°C,  Methylamincboranes  have  also  been  pre- 
pared from  the  reaction  of  trimethyl amine  borontrif luoride  and  lithium 

35  2 

borohydride;  from  tr5.phenoxyborate,  aluminum  metal ,  and  hydrogen;  and 

from  the  electrolysis  of  sodium  borohydride  in  liquid  ammonia  and  in 
liquid  amines.    However,  the  most  convenient  route  to  the  methylaminc- 
boranes results  from  the  reaction  of  the  raethylamine  hydrochlorides  with 

1 


,     ,        14,22,46,60 
sodiiim  or  liLhiura  borohydrlde   in  diethyl  eUlicr  or  diglyoe 

according  uo  the  overall  cqurtion 

R2CH3N.HCI     -f     mik, f±l^        R2CIl3llBI!3     +     H2     +     MCI. 

All  of  the  raethylaraineborr.nes  are  white  crystr.i:  iae  solids  and 
clioij  an  incL-eaciiig  rccistance  to  v/ater  hydrolysis  frcMU  monomethylaraine- 
borane  to  trimethylaininebor?ne.     liono-,   di-,   end  trirjethylamiaeboraiie 
melt  at  56°,   37°,  and  94°C, ,^^  respectively.     Trimethylanineborana  can 
be  heaied  for  several  hours  cbove  100°C.   without  c.  detectable  change  in 
itG  physical  pL'opert^-ot .      Ibv/ever,   diniethylaniiieborane  fon^is  the  anino- 

borane   (r.CIl3iiBIl2)  uhcn  heated,        r.nd  nioriOLietbylan:i:xeborane  car.  evcntu-ally 

68 
forri  K,n,n- trine thy lb ore sine, 

L-o;.v3  G,.    ..i.u  p,;yi...or.l-cheraical  properties  of   the  nethylrairicborrnss 

which  have  been  dcterLiined   include  the  dipole  aonents;^-'^°»^^  electron 

^  26 

diffraction-^  and  2:-ray  patterns;   molecular  v/eight  measurements  in 

liquid  ar.anonia,'^!-^  bencanc,  Tetter,  and  dio::anc;^  vapor  press  are  raensure- 
ments  and  hnats  of  vaporisation;^^  heats  of  forraa^.ion  frou  the  gaseous 
amines  and  diborane;^^  B^^  chemical  shifts^^  and  other  nuclear  magnetic 

resonance  studies;   *   and  infrared  spectra,  nrxia.n  spectra,  and  B-IT 

31,32,38,50,55,56 
bond  force  constants. 

All  of  the  methylamineboranes  react  with  halogen  acids,  except  KF, 
to  fom  the  monohsiogen  aaincbcrcne  according  to  the  overall  equation 

R2CH3l'mH3  +  tDC  >        R2CH3tIBI-l2X  -i-  Ih, 

u-here  X  =  CI,  Br,  or  I,  and  R  =  CH3  or  E.^  The  methylamineboranes  can 
be  used  to  prepare  lithium  borohydride  by  reaction  vjith  lithium  hydride. 
The  only  methylamineborc^ie  uhich  has  been  utilised  for  hydroboration  is 


trimcthylamineborane,''-'-^'  and  an  extensive  study  of  the  hydroborating 
pov/ers  of  anineboraneG  has  not  been  undertaken.  The  borohydride  ion 
and  boranes  will  reduce  the  iodate  ion  in  aqueous  solutions,  and  this 
reaction  has  been  made  the  basis  of  an  analytical  procedure  to  determine 
the  concentrations  of  amineborane  solutions.'*   Mononethylamineborane 
and  other  monoalkylamineboranes  have  been  widely  used  to  prepare  trialkyl- 
N-substituted  borazines.^'^^'^^'^^ 

Relatively  little  research  has  been  done,  hoc/ever,  on  the  solution 
kinetics  of  the  laethylaxiineboranes.  Kelly,  14archelli,  and  Giusto^^ 
calculated  the  rate  constants  for  the  acid  hydrolysis  of  several  anine- 
borancG  at  room  temperature  but  did  not  determine  the  activation  energies. 
Ryschkewitsch^'  made  an  extensive  study  of  the  acid  hydrolysis  of  tri- 
methylamineborane,  in  which  the  author  determined  the  activation  energy, 
the  ionic  strength  dependences,  and  a  logical  oechanism  for  the  reaction. 
A  report  of  some  of  the  results  of  this  work  has  appeared  in  the  litera- 
ture.^  In  a  study  of  the  hydrolysis  by  DCl,  Davis  £t  ill.  ^  found  a 
rapid  and  quantitative  e::change  of  the  boron  hydrogens  in  trimetliylainine- 
borane  with  D2O.  A  large  amount  of  reserach  has  also  been  done  on  the 
aqueous  hydrolysis  of  sodium  borohydride. 9 » 16, 18 ,19, 20, 36, 52, 62  Kinetics 
in  the  gas  phase  have  been  studied  for  the  ccdbination  of  amines  and 
borontrifluoride,   '   »^»   but  the  aqueous  hydrolysis  has  received 

eg 

relatively  little  attention,"^   Tlie  gas  phase  kinetic  studies  of  other 
B-n  coiTipounds  include  Bruraberger 's-*-^  investigation  of  the  relative 
reaction  rates  of  diborane  with  mono-  and  trimethylamine,  and  a  de- 
tailed work29  Q-^   the  mechanism  of  the  reaction  between  diborane  and  tri- 
methylamine. 


Intuitively,  one  could  propose  that  the  solvolysis  kineticG  of 
the  methylamineboranes  involve  a  dissociation  of  the  adduct  into  an 
amine  and  a  borane  fragments  attack  of  an  acidic  species  on  a  B-H  bond, 
or  displacement  of  an  amine  from  the  adduct  molecule  by  the  attacking 
species.  As  previously  noted,  solvolysis  mechanisms  have  been  proposed, 
and  one  of  tlie  purposes  of  this  investigation  was  to  test  these 
meclianisms,  and  possibly  elucidate  in  some  detail,  a  mechanism  for  the 
hydrolysis  of  the  oethylaraincboranes.  At  the  same  time,  the  effect  of 
substituting  a  methyl  group  for  a  hydrogen  on  the  nitrogen  atom  of  the 
adduct  could  be  observed  from  a  study  of  the  activation  energies.   It 
was  also  proposed  to  determine  the  heats  of  solution  of  the  methylamine- 
boranes in  order  to  calculate  the  heats  of  hydration  of  the  compounds. 
It  was  thought  that  a  correlation  between  the  trend  in  activation  energies 
and  heats  of  hydration  would  be  evident.   In  the  hydrolysis  of  diborane, 
intermediates  of  the  type  H3B«H20  have  been  proposed,   '   and  this  inter- 
mediate was  also  suspected  to  be  present  in  an  acid  hydrolysis  of  the 
methylamineboranes.  Hov/ever,  the  reaction  of  diborane  with  water  is  very 
rapid  and  did  not  lend  itself  to  study  by  our  analytical  methods.   It  v/as 
therefore  proposed  to  undertake  a  study  of  the  acid  hydrolysis  of  tri- 
methylamincborane  in  1- propane 1 -water  solutions  to  see  if  intermediates 
of  the  type  RoNBIl2(OC2H7)  and  R2NBH(OC3H7)2  could  be  detected,  and  to 
extend  the  work  of  Ryschkewitsch  and  Birnbaurar*^  on  the  kinetics  of  sub- 
stituted pyridineboranes  in  1-propanol  and  water.  IJe  also  wanted  to 
observe  the  differences  in  activation  energies  in  <-.he  mixed  solvent  and 
in  water.   It  was  thought  that  from  the  observed  trends  in  activation 
energies  in  these  two  media,  we  could  predict  the  effects  of  various 


solvent  changes  on  the  activation  energies.  Finally,  a  brief  study  of 
the  association  of  nonomethylamincborane  in  beasene  was  undertaken  in 
order  to  investigate  a  possible  error  In  the  literature. 


CHAPTER  II 
EXPERBIEOTAL 

A,     Materials 

Cylinder  gases*  All  of  the  cylinder  gases  used  were  obtained  from 
the  Matheson  Company. 

Benzene*  Reagent  grade  ben:2ene  was  distilled  from  CaH2  and  stored 
over  '"dry-Na"  or  CaH2. 

1- Propane 1«   In  order  to  rid  the  alcohol  of  any  impurities  which 
might  react  with  the  amineboranes ,  it  was  treated  with  trimethylamineborane 
before  distillation.  Reagent  grade  1-propanol  vras  made  approximately 
0.02  M  in  trimethylamineborane  and  approximately  1  M  in  HCl,  and  this 
solution  was  stored  until  gas  evolution  ceased--about  24  hours.  Tlie  solu- 
tion was  then  neutralised  with  NaOIl,  and  enough  distilled  water  was  added 
so  that  the  1-propanol  to  water  ratio  did  not  exceed  four.   The  solution 
was  then  distilled,  and  the  fraction  boiling  at  87.7°C.  was  collected. 
The  fraction  collected  at  this  temperature  was  the  1-propanol-water  aseo- 
trope,  containing  28.9  per  cent  water  and  71.7  per  cent  1-propanol  by 
weight. ^^ 

The  alcohol  was  also  distilled  from  reagent  grade  1-propanol  which 
was  pre-dried  with  CaSO^.  The  fraction  collected  boiled  at  97-98  C 

Tr ime thy 1 arainebor ane .   Samples  of  trine chylamineborane  from  Gallery 
Chemical  Company  were  sublimed  at  0°C.  onto  a  cold  finger  at  -78  C,  The 
pure  compound  melts  at  94°C.,^^  and  the  purity  exceeded  98  per  cent  as 
determined  by  reducing  equivalents. 


Dime thy laraineboranc .   Samples  of  dime thy lanineborane  from  Gallery 
Chemical  Company  and  from  Chemical  Procurement  Laboratories  tTere  re- 
crystallized  from  n-hexane  and  diethyl  ether.  The  pure  compound  melts 
at  37°C, ,^"  and  the  purity  exceeded  95  per  cent  as  determined  by  re- 
ducing equivalents. 

lionomethy lamineborane .   Several  methods  of  preparing  monoraethyl- 
amineborane  were  attempted.  No  product  could  be  obtained  by  bubbling 
diborane  through  methylamine  at  -78°C.   Tlie  n^thod  employed  by  Parry  et 
S2u*       °^  condensing  the  amine  onto  a  solution  containing  diborane  and 
tetrahydrofuran  at  -78°C.  proved  inadequate  for  the  preparation  of  1  to 
10  gm.  lots.  Larger,  pure  samples  v/ere  obtained  by  a  modified  method  of 
Noth  and  Beyer, ^°  using  lithium  borohydride  and  monomethylamine  hydro- 
chloride. 

To  prepare  the  hydrochloride ^  a  500  ml.  three-necked  round  bottom 
flask,  containing  300  ml.  of  diethyl  ether  and  equipped  with  a  teflon- 
coated  magnetic  stirring  bar,  i/as  surrounded  by  an  ice  bath.  The  flask 
was  fitted  with  two  gc.js  delivery  tubet-  vTiiich  extended  below  the  surface 
of  the  ether,  and  with  a  simple  mercury  bubbler  to  observe  any  pressure 
differential,  A  cylinder  of  anhydrous  1^1  was  connected  to  one  of  the 
delivery  tubes  through  a  trap  containing  concentrated  sulfuric  acid.  A 
cylinder  of  anhydrous  raonometiiylamine  was  connected  to  the  other  delivery 
tube  through  a  mercury  bubbler  and  a  trap  containing  solid  potassium 
hydroxide.  Stirring  was  initiated,  and  the  gases  were  adraitted,  adjusting 
their  flow  rates  so  that  no  pressure  differential  existed.  The  product 
formed  immediately,  and  the  reaction  was  continued  until,  by  visible  in- 
spection, the  desired  amount  had  been  prepared.  The  product  was  allowed 
to  settle,  and  most  of  the  ether  was  decanted;  the  remaining  ether  was 


removed  on  the  vacuum  line  by  heating  the  product  at  100°C.  for  two  hours. 

The  purity  of  the  monomethylamine  hydrochloride  \jp.s   dcterniined  by  the 

54 
adsorption- indicator  method  for  chloride  ion   and  eicceeded  99  per  cent. 

After  reirioval  from  the  vacuum  line,  the  product  was  stored  in  an  inert 

atmosphere  box.   Samples  could  be  eiqioscd  to  the  atmosphere  for  only  short 

periods  of  time  before  water  absorption  affected  the  weight. 

To  prepare  the  monomethylamineboranej  an  approximately  0.4  M  solution 
of  lithium  borohydride  in  diethyl  ether  was  prepared  from  reagent  grade 
ether  and  85  per  cent  lithium  borohydride  obtained  from  Metal  llydrides. 
Inc.  The  solution  was  prepared  in  the  dry  box  and  allov/ed  to  stand  until 
gas  evolution  ceased.  Approximately  250  ml.  of  the  solution  was  decanted 
into  a  flask  fitted  with  an  airtight  rubber  syringe  stopper,  Aliquots 
were  removed  by  means  of  a  graduated  hypodermic  syringe,  and  the  nor- 
mali'cy  ^'as  determined  by  the  method  of  Lyttle,  Jensen,  and  Struck, 
using  arsenite  instead  of  thiosulfate  to  titrate  the  iodine. 

In  a  typical  run,  6,5  gm.  (97  mmoles)  of  monomethylamine  hydro- 
chloride were  added  to  a  250  ml.  tiro-necked  round  bottom  flask  fitted 
with  a  teflon  coated  magnetic  stirring  bar.  Tliis  operation  was  carried 
out  in  the  dry  box.  Tlie  flask  was  placed  on  the  vacuur:;  line,  and  approx- 
imately 75  ml,  of  ether  were  distilled  from  a  lithium  borohydride- ether 
solution  onto  the  monomethylamine  hydrochloride  at  -78°C.  Tlie  flask  was 
then  surrounded  by  an  ice  bath  and  brought  to  atmospheric  pressure  with 
dry  nitrogen,  A  rubber  syringe  stopper  r.nd  a  mercury  bubbler  were  fitted 
to  the  two  necks  of  the  flask,  and  a  magnetic  stirrer  was  placed  beneath 
the  flask  and  the  ice  bath.  A  graduated  hypodermic  syringe  was  used  to 
add  120  ml,  of  0.36  M  lithium  borohydride  (43  mnoles)  in  ether,  and 


stirring  v/as  initiated.  Reaction  occurred  according  to  the  overall  equa- 
tion 

LiBH4  ^-  Cn3NH2«IiCl  ^  CH3NH2BH3  +  LiCl  -!-  H2. 

Tlie  gas  evolution  J  as  indicated  by  the  mercury  biibbler,  ceased  after 
approximately  two  hours.  Tlie  cold  solution  was  then  filtered  in  the 
atmosphere,  the  filtrate  placed  on  the  vacuum  line,  and  the  ether  removed 
at  0°C,  The  product  obtained  had  a  yellowish  tint.  The  impure  compound 
was  dissolved  in  10  to  15  ml.  of  benzene  and  warmed  to  40°C,  An  equal 
volume  of  n-heptane  was  added,  and  the  solution  was  cooled  in  an  ice 
bath.  This  solution  was  then  filtered,  and  a  pure,  white  crystalline 
solid  was  obtained.  The  product  was  placed  on  the  vacuum  line  and  was 
pumped  on  for  several  hours  at  0°C.   It  was  then  sublimed  at  25°C,  onto  a 
cold  finger  at  -78°C,  The  pure  product  melted  at  55°-56°C. ,  in  agree- 
ment with  the  literature  value. *^  The  purity  was  checked  by  adding  a 
weighed  sample  to  an  esccess  of  iodate,  acidifying,  and  titrating  the 
excess  oxidizing  equivalents  present  as  iodine  with  arsenite  to  a  starch 
end  point,  Tlie  following  set  of  equations  describe  this  analytical 
method: 

CH3WIl2BIi3  +  103"  ^  B(0H)3  -!-  CII3NH2  +  I" 

6H'*'  +  lO^*"  +  51"  ^   3I2  -i-     3H2O 

I2  +  As033~  +  H2O   ^  AbO^^"  ^r     2lf^  +  21* . 

An  alternate  analysis  was  performed  by  hydrolyzing  a  weighed  sample  with 
a  known  amount  of  excess  acid  and  back  titrating  with  sodium  hydroxide. 
The  hydrolysis  proceeds  according  to  the  equation: 
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CH3NH2BH3  <-     3H20  -i-     Kf^' ^  3II2  -r     B(OH)   -f  01131^3*. 

The  purity  as  calculated  by  both  methods  exceeded  98  per  cent.  These 
results  and  the  findings  of  a  ccHamercial  analysis  are  listed  below. 
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The  yield  of  pure  product  was  56  per  cent. 
B.   Procedures 

Calibration  of  the  pll  app;?ratus.  Tlie  pH  was  followed  by  a  Model  SR 
Sargent  Recorder  equipped  v/ith  a  resistance-matching  adapter,  S-72172 
Sargent  pH  adapter,  used  in  conjunction  with  Beckman  glass  and  calomel 
electrodes.   In  the  preliminary  experiments,  the  electrodes  behaved 
erratically  i-^ien  placed  into  the  reactant  solutions.  Cayeral  steps  had 
to  be  taken  to  produce  consistent  results.  Tlie  electrodes  were  thermo- 
stated  in  the  constant  temperature  bath  in  order  to  insure  rapid  tempera- 
ture equilibration.  Enough  solid  potassium  chloride  was  added  to  the 
calomel  electrode,  so  that  a  saturated  solution  was  maintained  over  the 
temperature  range  studied.  Further  stabilization  was  attained  by  con- 
structing a  barrier  junction  to  fit  over  the  calomel  electrode.  Tlie 
junction  consisted  of  a  tube  vrith  a  capillary  to  ailox/  solution  contact 
V7hile  preventing  dilution  and  contamination  in  the  reference  cell.  Before 
each  run  the  barrier  was  filled  with  a  saturated  potassiiom  chloride 
solution,  which  V7as  also  thermostated  at  all  times  in  the  constant  tem- 
perature bath.  Tlie  whole  apparatus  was  recalibrated  with  prepared  buffer 
solutions  daily  and  before  runs  at  a  new  temperature.  The  recorder  speed 
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was  kno^^m,  and  a  pH  versus  time  plot  was  obtained  directly  from  the 
recorder  chart  paper. 

Tlie  acid  hydrolysis  o£  dimethylanineborane  in  water.  Tlie  hydrolysis 
proceeds  according  to  the  overall  equation 

(CH3)2^IHBH3  +  l&    -i-     3II2O    ^  3(011)3  -I-  (CH3)2NH2'^'  -i-     31^2. 

TliG  progress  of  the  reaction  can  be  follw/ed  by  determining  the  loss  of 
reducing  power  of  the  solution  or  the  change  in  the  hydrogen  ion  concen- 
tration. Trimethylaoineborane  solutions  have  been  analysed  by  the  former 
method  by  Ryschkewitsch.    In  this  investigation  r.   weighed  amount  of  di- 
methylanineborane was  added  to  a  known  volume   and  concentration  of 
hydrochloric  acid.  Tlie  pH  and  tine  were  read  directly  from  the  recorder 
plots.  The  instantaneous  dimethylamineborane  concentration  could  then  be 
determined  frc«ii  the  stoichiometry  of  the  reaction. 

Tlie  reaction  was  studied  over  the  temperature  range  of  36-50°C. 
The  initial  dimethylamineborane  concentration  varied  from  0,008  to 
0.0275  M,  and  the  initial  hydrochloric  acid  concentration  varied  fran 
0.004  to  0.015  M.  All  of  the  reactions  were  run  at  a  constant  ionic 
strength  of  0.10  M  by  adding  appropriate  amoxmts  of  potassium  chloride. 
All  solutions  used  in  the  kinetic  runs  were  thermostated  in  the  constant 
temperature  bath  to  jv  0.01°C.  The  concentrations  were  adjusted  so  tliat 
the  half-life  of  the  component  in  the  lower  concentration  was  attained  in 
10-15  minutes,  lliere  were  two  half -lives  in  the  longest  run,  and  the 
usual  run  was  halted  after  one  half-life. 

An  excellent  fit  of  the  data  to  the  rate  equation 

-d  [dimethylamineborane] /dt  =  k  [dimethylamineborane]  [ir*^ 
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was  obtained  over  the  range  of  half -life,  temperature,  and  solvent  com- 
position studied.  The  second  order  rate  constants,  k,  were  determined 
from  the  slope  of  the  straight  liiie  relation  of 

log  [dimethylamineborane]  /  [ir^]  and  the  tir-ie.  The  method  of  least  sqioares 
was  used  to  optimize  the  fit.  The  activation  energy  was  then  determined 
from  the  Arrhenius  equation,  In  k  =  A(eyjp)''/:^-r/]lT,wheYe   ^  is  the 
activation  energy,  A  is  the  pre-ei:ponential  factor,  k  is  the  second  order 
rate  constant,  and  T  is  the  absolute  temperature.  Tlie  activation  energy 
was  calculated  by  a  least  squares  trenonent  of  log  k  versus  1/T. 

The  decomposition  of  dime thy lamineborane  in  pure  water  occurred  at 
a  negligible  rate,  A  detailed  discussion  of  the  proposed  mechanism  of 
solvolycis  appears  in  a  later  section. 

The  acid  hydrolysis  o£  monomethylamineborane  in  water.  The  acid 
hydrolysis  of  monomethylamineborane  in  aqueous  solutions  proceeds  to 
completion  analogous  to  the  dimethy lamineborane  hydrolysis  according  to 
the  overall  equation 

CH3nil2BH3  -h    ir^  +  3II2O  ^  3(011)3  -1-  CH3NH3'*'  +  3H2. 

The  method  of  analysis  of  the  monomethylamineborane  hydrolysis  was  the 
same  as  for  the  dimethy lamineborane  hydrolysis. 

Tlie  reaction  was  studied  over  the  temperature  range  of  27.5  to  35.9^C. 
The  initial  monoir^  thy  lamineborane  concentration  varied  from  0.0025  to 
0.0070  M,  and  the  initial  hydrochloric  acid  concentration  varied  from 
0.0030  to  0.0062  M,  Tne  ionic  strength  was  adjusted  to  0.10  M  with 
potassium  chloride.  Each  run  covered  at  least  one  half-life  oZ   the  com- 
ponent in  the  lower  concentration. 
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Mcmc»nethylamineborane  is  laore  sensitive  to  moisture  than  the  di- 
me thy  lamineboranej  and  consequently,  samples  of  the  former  i/ere  stored 
in  the  dry  bo:i.   In  a  typical  run,  a  sample  of  inonomethylamineborane 
was  removed  frcxn  the  dry  box,  dissolved  in  50  ml.  of  0.10  M  potassium 
chloride,  and  the  initial  concentration  of  the  amineborane  was  deter- 
mined by  measuring  the  reducing  power  of  the  solution  by  the  iodate 
method.  A  knpT^m  volume  and  concentration  of  hydrochloric  acid  was  then 
added,  and  the  initial  concentrations  of  both  components  were  determined 
from  dilution  factors.  Ko  decomposition  of  nonomethylamineboraae  in  pure 
water  was  detected  over  the  approKirnately  ten  minute  time  interval 
utilized  in  the  measurements. 

The  data  obtained  v/erc  treated  in  the  same  manner  as  that  in  the 
dimethylamineborane  hydrolysis. 

The  acid  hyuroly^is  of  di-  and  trimethylamineborane  in  l-propaxiol- 
water  solutions.  The  hydrolysis  proceeds  in  the  same  manner  as  that  in- 
dicated for  the  preceding  two  amineboranes .  The  method  of  analysis 
differed  from  that  in  pure  water,  in  that  the  concentration  of  the  amine- 
borane  was  followed  by  measuring  the  loss  in  reducing  po^jer  by  the  iodate 
method. 

Tlie  reaction  with  trimethylamineborane  in  the  mixed  1-propanol- 
water  solvent  was  studied  aver  the  temperature  range  of  31.8  to  ^i4.4°C. 
The  initial  trimethylamineborane  concentration  varied  from  0,370  to 
0.710  M,  and  the  initial  hydrochloric  acid  concentration  varied  from 
0.818  to  1.02  M.  Tlie  solvent  contained  50.6  per  cent  of  1-propanol  by 
volume.  Tlie  longest  run  covered  approximately  tv70  half- lives,  and  the 
usual  run  covered  one  ha If -life. 
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The  reaction  vrith  dimethylaniineborane  in  the  mixed  solvent  was 
studied  over  the  temperature  range  of  4.5  to  14.6°C.  The  initial  di- 
methylamineborana  concentration  varied  fron  0.425  to  0.454  M,  and  the 
initial  hydrochloric  acid  concentration  was  0.S13  M.  The  volume  ratio 
of  1-propanol  to  water  was  constant  throughout  the  e:q)erinient8 .  Each  run 
covered  at  least  one  half-life  of  the  amineborane. 

It  was  found  that  when  the  reaction  was  carried  out  in  an  open 
vessel  and  with  large  reaction  rates,  the  hydrogen  gas  evolved  would 
carry  out  considerable  amounts  of  the  solvent,  and  preferentially  the 
1-propanol.  This  proved  to  be  a  serious  source  of  error.  Tliis  effect 
was  minimised  by  running  the  reactions  in  a  closed  tube  connected  to  a 
mercury  bubbler  lyhich  maintained  a  slight  positive  pressure  on  the 
solution,  but  which  allowed  the  hydrogen  to  escape  \rith  much  smaller 
amounts  of  the  solvent.  At  high  concentrations  of  amineborane  and  hydro- 
chloric acid,  solvent  evaporation  restricted  the  reaction  conditions  to 
a  relatively  narrow-;  range  of  concentrations  and  temperatures. 

In  a  typical  run,  a  weighed  amoiont  of  the  amineborane  was  dissolved 
in  the  1-propanol -water  aseotrope,  v/hich  contained  75.85  per  cent  1- 
propanol  by  volume.  The  initial  concentration  of  the  amineborane  was 
found  by  measuring  the  reducing  potjer  of  the  solution  by  the  iodate 
method.  A  known  amount  of  this  solution  was  then  pipetted  into  the  re- 
action tube,  and  a  knox^n  volume  and  concentration  of  hydrochloric  acid 
was  added.  The  voluc^  ratio  of  the  azeotrope  to  the  hydrochloric  acid 
solution  was  two,  so  that  the  volume  ratio  of  1-propanol  to  water  in  the 
final  solution  was  1.02,  Aliquots  of  the  reacting  solution  were  removed 
at  different  time  intervals,  and  the  instantaneous  concentration  of  the 
amineborane  was  found  by  the  iodate  method.  The  instantaneous  acid 
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concentration  could  then  be  determined  frcHn  the  stoichioiaetry  of  the 
reaction. 

No  ionic  strength  adjustiaentc  uere  i.iade.  The  solutions  used  in 
the  trimethylamineborane  hydrolysis  were  themostated  to  ;^  0.01°C.,  and 
those  used  in  the  dime thy lamineborane  hydrolysio  were  theruiostated  to 
4;  O.l^C.  Tlie  data  obtained  were  treated  in  the  same  manner  as  that  of 
the  hydrolysis  in  pure  water.  Vigorous  stirring  of  the  solution  before 
removing  the  aliquots  reduced  the  interference  of  the  hydrogen  gas 
evolution  i/ith  pipetting. 

Attempts  were  niade  to  study  the  trimethylaiaineborane  reaction  as 
a  pseudo-first  order  reactions  in  which  the  aiiiineborane  concentration 
was  approxiraately  0.02  M^  and  the  hydrochloric  acid  concentration  v/as 
1.0  M.  Consistent  and  reproducible  data  could  not  be  obtained,  and  the 
behavior  of  these  reactions  will  be  discussed  in  a  later  section. 

Tlie  distribution  coefficient  of  nionomethylamineborane  between 
benaenc  s.i\d   water.  A  weighed  amount  of  raonomethylamineborane  ims   dis- 
solved in  a  knotm  volume  of  water,  and  this  solution  was  shaken  with  an 
equal  volume  of  bensene.  All  of  the  solutions  were  thermostated  to 
+  0.1°C.  Ti^enty  to  thirty  minutes  were  allowed  for  equilibrium  to  be 
reached,  and  then  aliquots  were  removed  from  both  the  organic  and  aqueous 
phases  and  titrated  by  the  iodate  method. 

Precision  of  the  data  was  relatively  poor,  and  the  experiment  was 
abandoned  in  favor  of  direct  solubility  measurements  in  v/ater.  Tlic 
reasons  for  the  initial  undertaking  of  this  experiment  and  for  the  poor 
results  are  outlined  in  the  discussion  section. 

The  solubility  of  rjonomethylaraincborane  in  bensene.  The  solubility 
was  studied  over  the  temperature  range  of  5.9  to  21,5°C.  A  saturated 
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Golution  with  a  large  cxcgsg  of  solid  wcig   prepared  at   roora  teciperaturc. 
Tiie   ueraperattire  \-7Rs   held  constant:  to  +  G.l^C.  ir*  a  Dewr.r  ficak.  Aliquot s 
were  pipetted  out  at  several  temperatures  through  a  small  glass  fritted 
filter  tube,  which  was  attached  to  the  pipet  by  means  of  a  lubricated 
loop  of  tygon  tubing.  Tiie  coacentration  of  the  aniaeborane  was  then  de- 
terraincd  by  measuring  the  reducing  power  of  an  aliquot  by  the  iodate 
method.  A  straight  line  was  obtained  from  a  plot  of  log  (nonomethyl- 
amineborane  concentration)  versus  1/ temperature,  and  the  heat  of  solution 
was  calculated  from  the  least  squares  slope  of  this  line.  Tlie  solubility 
of  the  aononethylamineboranc  at  the  freezing  point  of  the  benzene  solution 
was  determined  by  extrapolation  froa  this  plot,  and  this  particular  con- 
centration was  then  utilized  in  calculations  involved  in  the  cryoscopic 
study. 

The  ciYOoCopy  of  nonomcthylnnineboranc*benzcne  solutions.  Tlie 
freezing  point  depressions  in  benzene  were  determined  at  various  concen- 
trations of  raonoraethylamineborane.  The  apparatus  consisted  of  a  double- 
walled,  glacs  iTOol  insulated  vessel,  a  Beclaitin  therraometer ,  and  a  ri?.g- 
netic  stirring  mecnanism  operated  b^  a  relay  timer,  as  chotm  ir*  the 
figure  on  the  following  page. 

The  thermometer  v/as  calibrated  at  the  frccuiing  po  nt  of  pure  bGn:2oiic, 
In  order  to  correct  for  the  effect  of  supercooling,  the  temperature  ver- 
sus time  curve  was  extrapolated  through  the  supercooling  region  in  all 
instances.   The  intercept  of  the   e:;:trapolatcd  line  and  the  initial  portion 
of  the  curve  was  taken  as  the  freezing  point  of  the  solution.   Temperature 
differences  were  measured  to  +  0.005°C. 

In  a  typical  run,  3-10  ml.  of  a  monomethylanineborane-bansenG  solu- 
tion iTOre  placed  in  the  freezing  point  apparatus.  The  coacentration  of 
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Fig.    2.      Temperature  vs.    Time   Plot   for  Monomethylamineborane   in 
Benzene  with  Extrapolation   to   Correct   for   Supercooling 
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the  solution  was  then  determined  by  the  iodate  laethod  from  the  reducing 
equivalents  of  an  aliquot.  Tlie  molality  of  the  solution  was  then  approic- 
inated  by  dividing  the  molarity  by  the  density  of  benzene  at  25°C.  Tae 
density  of  benzene  at  25°C.  was  calculated  to  be  0.874  g./ml.  from  a  linear 
interpolation  of  the  densities  at  20*^0.  and  SO^C.^l  ^^^  ^^^.^  i^ff 
factor,  i,  was  determined  from  the  ratio  of  the  expected  freezing  point 
depression,  ATe,  to  the  observed  freezing  poijit  depression,  AT^;  i.e., 
i  =  ATg/ATq.  Tlia  e:q)ected  freezing  point  depression  can  be  calculated 
from  the  expression  AT^  =  K^-molality,  where  K^  is  the  cryoscopic  con- 
stant  for  benzene  and  has  the  value  of  5.12.^^  Taese  i  values  were  then 

46 

compared  to  those  in  the  literature. 

Tlie  solubility  of  trimethvlamineborane  in  water.  A  saturated, 
aqueous  solution  of  trimethylamineborane  was  prepared  at  room  temperature. 
Aliquot s  X7cre  removed  ov^er  the  temperature  range  of  0-33°C.  by  means  of 
a  glass  fritted  filter  tube  attached  to  a  1  ml.  pipet.  Tae   temperature 
was  held  constant  to  ±  0.1°C.  Tae  reducing  equivalents  contained  in  the 
aliquots  were  then  deterrained  by  the  iodate  method.  Tlie  heat  of  solution 
was  calculated  from  the  least  squares  slope  of  a  plot  of  log  (triiaethyl- 
aminaborane  concentration)  versus  1/ temperature. 

The  solubility  of  r^K^no-  and  dimethvlamineborane  in  vjatcr.   Since 
these  compounds  were  vastly  more  soluble  in  water  than  xjas  the  trimethyl- 
amineborane, a  slightly  different  procedure  was  used  in  order  to  econo- 
mise on  reagents. 

Saturated,  aqueous  solutions  of  the  amineboranes  were  prepared  at 
temperatures  below  20°C.  A  0.10  ml.  capacity  Hamilton  microliter  syringe 
with  a  sraall  styrofoam  ball  attached  to  the  orifice  of  the  needle  tip 
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was  used  to  renove  0.05  to  0.035  ml.  aliquot s  froci  the  Golutions,   Di- 
raethylamineborane  v/RS  Gtud5.ed  over  the  temperature  range  of  0-20°C, , 
and  oonomethylamineborane  uas   studied  over  the  temperature  range  of  0- 
13^C,  Tlie  reducing  equivalents  contained  in  the  aliquots  were  then 
determined  by  the  iodate  method,  Tlie  heats  of  solution  of  these  amine- 
boranes  were  determined  in  the  same  manner  as  the  heat  of  solution  of 
tr inethy lanineborane . 


CHAPTER  III 
EXPERIMENTAL  FJISULTS 

The  data  compiled  from  the  acid  hydrolysis  of  the  iiethylaraine- 
borancs  are  listed  in  Table  2  through  Table  21.  Follot-7iiig  Table  3  for 
mononethylamineborane  in  water,  Table  11  for  dinethylamineborane  in 
water.  Table  14  for  trimethylaraineborane  in  50  per  cent  1-propanol-water, 
and  Table  20  for  dimethylanineborane  in  50  per  cent  1-propanol -water,  arc 
plots  indicative  of  the  treatment  given  to  each  kinetic  run.  At  the  end 
of  the  pertinent  tables,  a  sunmiary  of  the  kinetic  data  for  each  anine- 
borane  hydrolysis  is  given,  along  with  the  Arrhenius  plots  and  parameters. 

Tlie  solubility  curves  for  each  of  the  luethylamineboranes  are  pre- 
sented at  the  end  of  the  kinetic  data, 

Tlie  results  of  the  cryoscopic  work  on  laonomethylanineborane  in 
benzene  and  the  distribution  coefficient  data  appear  in  the  discussion 

section. 

Tables  of  comparison  of  data,  or  tables  containing  specific  data 
from  the  literature,  are  presented  in  the  discussion  to  wl:ich  they 
refer.  A  table  of  the  list  of  symbols  and  abbreviations  used  throughout 
the  thesis  is  presented  on  the  follajing  page. 
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TABLE  1 
LIST  OF  SYllBOLS  AND  ABBREVL^TIONS 


Syid)ols  Defiaitions 


IflilVB  llonoinethylaraineborane 

QMAB  Dime  thy  lamineborane 

Xi-IAB  Tr  ine  thy  lamineborane 

^Xq  Expected  £recs5ing  point  depression 

^To  Experiraen tally  observed  freesing  point  depres- 
sion 

i  van't  Iloff  factor 

Ok,  Degrees  Kelvin 

/^  Activation  energy  in  kcal./mole 

T  Absolute  temperature 

1;  Second  order  rate  constant  in  liter /mole/ tine 

t  Tinie 

p  Ionic  strength  in  inoles/ liter 

[  ]  Concentration  in  moles/ liter 

[  ]  Initial  concentration  in  nioles/liter 

M  Molarity  in  moles/ liter 

m  Molality  in  moles  of  solute/ 1000  g.  of  solvent 

R  Gas  constant  in  cal./mole/deg. 

A  Defined  by  In  k  =  A  -  B/T 

B  Defined  by  In  k  =  A  -  B/T 

^■t  Ileat  of  hydration  in  kcal./mole 

/^l^  Heat  of  solution  in  kcal./mole 
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TABLE  1  -  Continued 


Syni>olG 


Definitions 


K 

50%  1-propanol -water 


Heat  of  vaporisation  in  kcal./mole 

An  equilibrium  constant 

A  solution  containing  50.6%  of  1-propanol  by 
volume 
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TABLE  2 
KH^ETIC  DATA  FOR  MI<1AB  m  WATER  AT  27.550C. 


[IP*-]   K  103                    [MMAB]   II  103                    log    (MMAB]/[ir^]                    Time,  min, 

6.026                             6.132  0,0078  0 

3.793                             3.899  0.0120  4 

2.692                             2.798  0.0166  8 

2.079                              2.185  0.0216  12 

1.687                             1.793  0.0265  16 

k     =  25.57   liter/mole/min. 

6.012                             5.129  -0.0690  0 

4.853                             3.970  -0.0372  2 

4.036                             3.153  -0.1072  4 

3.467                             2.584  -0.1277  6 

3.043                             2.165  -0.1576  8 

k  =  26i33  liter/mole/min, 

4.410            6.673  0.2074  0 

3.119            5.652  0.2582  2 

2.394            4.927  0.3135  4 

1.884            4.417  0.3700  6 

1.514            4.047  0.4270  8 

k  =  25.20  liter/mole/min. 
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TABI£  3 
KINETIC  DATA  FOR  MTIAB   IN  WATER  AT  30.70°C. 


[ir^-]  X  10^ 

[MIlABj   X  10^ 

log    [MMAB]/[lf'"] 

Time,  min 

6.000 

7.396 

0.1193 

0 

4.853 

6.749 

0.1433 

1 

3.990 

5.886 

0.1688 

2 

3.304 

5.200 

0.1970 

3 

2.786 

4.682 

0.2256 

4 

2.399 

4.295 

0.2529 

5 

2.070 

3.966 

0.2824 

6 

1.315 

3.711 

0.3107 

7 

1.603 

3.499 

0.3391 

a 

1.419 

3.315 

0.3685 

9 

k     =     33.91  liter/nole/min. 


4.033 

6.830 

0.2235 

0 

3.357 

6.104 

0.2596 

1 

2.730 

5.527 

0.2984 

2 

2.317 

5.064 

0.3397 

3 

1.954 

4.701 

0.3813 

4 

1.671 

4.418 

0.4223 

5 

1.429 

4,176 

0.4657 

6 

I:     = 

33.98   liter/niole/nin. 
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(MMAIo  =  0.008  M 
T  =  30.70OC. 
p  =  0.10  M 


2.77 


2.69 


2.61 


2.53 


2.45 


2.37 


2.29 


2.21 


Fig.  3, 


468 
Time  in  Minutes 

pH  vs.  Time  Plot  for  Monomethylamineborane  (MMAB) 

in  Water 
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4  6 

Time   in  Minutes 


Fig.  4. 


Concentration  vs.  Time  Plot  for  Monomethyl.-'mineborane 

(MMAB)  in  Water 
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Fig.  5 


Second  Order  Rate  Plot  for  Monomethylamineborane  (MM^3) 

in  Water 
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TABLE  4 

KINETIC  n^^A  FOR  tt^AB  IN  WATER  AT  31.94°C. 


-                  " 

[ir^]  K  io3 

[MMAB]   X 

103 

log    [M'IAB]/[I1^] 

TxEJC,  min^ 

3.1^M} 

4.971 

0.1995 

0 

2.673 

4.504 

0.2266 

1 

2.286 

4.117 

0.2555 

2 

'  1.954 

3.735 

0.2371 

3 

1.698 

3.529 

0.3177 

4 

1.493 

3.324 

0.3475 

5 

1.313 

3.149 

0.3782 

6 

1.159 

2,990 

0.4116 

7 

1,040 

2.371 

0.4411 

8 

k     «= 

38,30 

liter /raole/min. 

3.162. 

4.373 

0.1834 

0 

2.716 

4.432 

0.2127 

1 

2. 328 

4.044 

0.2393 

2 

2.000 

3.716 

0.2691 

3 

1.742 

3.453 

0.2973 

4 

1,531 

3.247 

0.3265 

5 

1.349 

3.065 

0.3564 

6 

1,202 

2,918 

0.3853 

7 

1.072 

2.733 

0.4151 

8 

33,36 

liter /mole/rain. 
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TABLE  5 
KINETIC  DATA  FOR  MjJAB  IN  WATER  AT  35.94°C, 


[ir*-]  X  io3 

[MMAB]   X  10 3 

log    [^ffiIAB]/[ir*'] 

Time,  nin. 

6.166 

2.799 

-0.3430 

0 

5*495 

2.120 

-0.4119 

1 

5.012 

1.645 

-0.4839 

2 

4.624 

1.257 

-0.5659 

3 

4.364 

0.997 

-0.6411 

4 

4.140 

0.773 

-0.7239 

5 

3.990 

0.623 

-0.3066 

6 

3.855 

0.438 

-0.8976 

7 

3.767 

0.400 

-0.9739 

8 

3.698 

0.331 

-1.0482 

9 

k  =  54.55  liter/raole/nin. 

4.169                               2.506  -0.2210  0 

3.715                               2.052  -0.2577  1 

3.365                                 1.702  -0.2960  2 

3.076                               1.413  -0.3378  3 

2.851                                1.188  -0.3802  4 

2.692                               1.029  -0.4177  5 

2.547                               0.884  -0.4595  6 

2.432                               0.769  -0.5000  7 

2.328                               0.665  -0.5441  8 

2.259                               0.605  -0.5722  9 

1:     =  55.29   liter/uiole/min. 


31 


TABLE  6 
SlllMARY  CF  KIl^IETIC  DATA  FOR  MMAB  W  WATER 


Standard  ^  ^-^ 

k,  l.mole"^in."^        deviation        log  k        1/T,  lO^  r.  K. 


25.70              0.47  1.410            3.326 

33.95               0.05  1.531            3.2^2 

38.33              0.04  1.534            3.273 

54.92              0.05  1.740            3.236 
AE"^  =  15.31  kcal./raole 

ArrheniuE  parameters  from  log  k  =  A  -  B/T:   k  in  1. mole" •'•Gee." - 
A  «=  11.14 
B  =  3,457 
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o 
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3.25 
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Fig.  6.   Arrhenius  Plot  for  the  Acid  Hydrolysis  of  Monomethylamine- 

borane  in  Water 


TABLE  7 
KINETIC  DATA  FOR  IttlAB  IN  WATER  AT  36.08°C. 


[ir^"]  X  io2 

[DMAB]   ::  102 

log 

[DlIAB]/[ir*-] 

Time,  rain. 

1.589 

2,759 

0.2396 

0^- 

1.400 

2.570 

0.2639 

2* 

1.268 

2.438 

0.2340 

4 

1.183 

2.353 

0.2986 

6 

1.109 

2.279 

0.3123 

8 

1.038 

2.203 

0.3278 

10 

0.975 

2.145 

0.3424 

12 

0.918 

2.088 

0.3568 

14 

k     = 

1.439  liter/i 

mole/min. 

*Tliese  points  omitted  froia  the  least  squarec  fit. 
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TABLE  8 
KIIJETIC  DATA  FOR  DMAB  IN  WATER  AT  ^i0.34°C. 


[H"^]   X  10^                    [JMt<B]   II  102  log    [miAB3/[ir^3                  Time,  nin. 

9.772  1.903  0.2894  0 

8.974  1.823  0.3077  2 

8.260  1.752  0.3263  4 

7.621  1.688  0.3452  6 
7.063  1.632  0.3636  8 
6.546  1.580  0.3827  10 
6.109  1.537  0.4005  12 

k     =     2,309  liter /mole/rain. 

9.885  1.379  0.2790  0 

9.099  1.799  0.2960  2 

8.375  1.727  0.3143  4 

7.727  1.662  0.3326  6 

7.161  1.606  0.3506  8 

6.622  1.552  0.3698  10 
6.138  1.503  0.3890  12 

k     =     2.390  liter /mo le/min. 

9.903  1.873  0.2767  0 

9.141  1.797  0.2934  2 

8.453  1.728  0.3105  4 

7.816  1.664  0.3282  6 
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TABLE  3   -  Continued 


[IF]   K  10^ 

[miAB]   X  10^ 

log    [DMAB]/[ir] 

Time,  lain. 

7.228 

1.605 

0.3466 

8 

6.683 

1.35i 

0.3655 

10 

6.180 

1.500 

0.3352 

12 

k     =     2. 

366 

liter/mole/iuin. 
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TABLE  9 
KHIETIC  DATA  FOR  DtlAB  m  l^TER  AT  42.79°C. 


[ir^]  A  io3 

[DMAS]    X  102 

log 

[mm]/[i&] 

Time,  min. 

10.28 

1.434 

0.1446 

0 

9.506 

1.357 

0.1544 

2 

8.770 

1.283 

0.1652 

4 

8.110 

1.217 

0.1764 

6 

7.482 

1.154 

0.1884 

8 

6.966 

1.103 

0.1995 

10 

6.457 

1.052 

0.2119 

12 

k     =     3.244  liter/raole/iain. 

10.47  1.457  0.1436  0 

9.660  1.376  0.1535  2 

8.912  1.301  0.1644  4 

8.222  1.232  0.1758  6 

7.563  1.167  0.1881  8 

6.998  1.110  0.2003  10 

6.501  1.060  0.2124  12 


1.457 

0.1436 

1.376 

0.1535 

1.301 

0.1644 

1.232 

0.1758 

1.167 

0.1881 

1.110 

0.2003 

1.060 

0.2124 

k     = 

3.289   liter/mole/nin. 

1.642 

0.1903 

1.549 

0.2049 

1.464 

0.2206 

1.386 

0.2368 

10.59  1.642  0.1903  0 

9.660  1.549  0.2049  2 

8.810  1.464  0.2206  4 

8.035  1.386  0.2368  6 
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TABLE  9  -  Continued 


[ir*-]  X  io3 

[Dl'lAB]   X  102 

log    [D14AB]  /  [H"^] 

Time,  rain. 

>.345 

1.317 

0.2538 

8 

6.730 

1.256 

0.2709 

10 

6.209 

1.204 

0.2874 

12 

k     =     3. 

250 

1: 

Lter/irsole/min. 

T/3LE  10 

KINETIC  DATA  FOR  DMAS  W  WATER  AT  44.95°C. 


[ir^]  X  10^ 

[DimB]    X  103 

log    [I»iAB]/[ir^] 

Time  3  tain. 

4.027 

9.897 

0.3906 

0 

3.767 

9.637 

0.4079 

2 

3.507 

9.377 

0.4272 

4 

3.273 

9.143 

0.4461 

6 

3.043 

8.923 

0.4667 

8 

2.851 

8.721 

0.4856 

10 

2.673 

8.543 

0.5046 

12 

k=  3.771  liter/mole/min. 

4.027  9.124  0.3553  0 

3.758  8.855  0.3722  2 

3.057  3.604  0.3897  4 

3.311  8.408  O.^i047  6 

3.112  8.209  0.4213  8 

2.917  8.014  0.4339  10 

2.748  7.845  0.4556  12 

k  -  3.769  liter/mole/min. 

4.027  8.058  0.3012  0 

3*793  7.824  0.3145  2 

3.597  7.628  0.3265  4 

3.404  7.435  0.3390  6 
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TABLE  10  -  Continued 


[ir'-j  X  io3 

[m#B]   X  103 

log    [L8^lAB]/[ir^] 

Times  niin. 

3.221 

7.252 

0.3524 

8 

3.041 

7.072 

0.3665 

10 

2.877 

6.:?oc 

0.3804 

12 

• 

k  =  3.756 

liter /nole/rain. 
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TABLE  11 
KMETIC  DATA  FOR  DMAB   11^  WATER  AT  50.27°C. 


[IT*"]   X  103 

[DI-1A3]   X  103 

log 

[l»4AB]/[ir^] 

Time,  min. 

4.808 

8.403 

0.2425 

0 

4.345 

7.940 

0.2617 

2 

3.954 

7.549 

0.2808 

4 

3.614 

7.209 

0.2999 

6 

3.296 

6.891 

0.3204 

8 

3.013 

6.608 

0.3410 

10 

2.754 

6.349 

0.3637 

12 

2.547 

6.142 

0.3822 

14 

k    = 

6.419 

liter/ 

mole /lain. 

4.989 

9.314 

0.2711 

0 

4.477 

8.802 

0.2936 

2 

4.018 

8.343 

0.3172 

4 

3.606 

7.931 

0.3422 

6 

3.258 

7.583 

0.3699 

8 

2.965 

7.290 

0.3908 

10 

2.698 

7.023 

0.4155 

12 

2.460 

6.735 

0.4406 

14 

k     =  6.474  liter /mole/iain. 

4.955  8.027  0.2095  0 

4.519  7.591  0.2253  2 

4.112  7.184  0.2423  4 
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TABLE  11  -  Continued 


[IT5-]    X  103 

[DIIAB]   K  103 

log 

[DMAB]/[ll+3 

Tiiae,  rain. 

3.741 

6.813 

0.2603 

6 

3.444 

6.516 

0.2769 

8 

3.170 

6.242 

0.2942 

10 

2.917 

5.989 

0.3126 

12 

k     = 

6, 

,459 

liter /mole/rain. 
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Fig.  8. 


Concentration  vs.  Time  Plot  for  Dimethylamineborane  (DMAB) 

in  Water 
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TA3LE   12 
SUMMARY  OF  KIITETIC  DATA  FOR  DMAB  lH  WATER 


k,  l;niole''Wn."^ 

Standard 
deviation 

log  k 

1/T. 

r.   -1 

1.439 

- 

0.1581 

3.234 

2,353 

0.07 

0.3700 

3.190 

3.261 

0.03 

0.5132 

3.165 

3.765 

0.01 

0.5758 

3.143 

6.451 

0.04 

0.8096 

3.092 

AB^     =     21.21  kcal./mole 


Arrhenius  parameters  from  log 
A     =     13.38 
B     =     4,637 


k     =     A  -  B/T:      k  in  l.mole*^6ec."^ 
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TABLE  13 

KINETIC  DATA  FOR  TMAB  IN  50   PER  CENT  1-PROPANOL- WATER 

AT  31. 8 30c. 


[ir] 

[TliAB] 

log 

[h'*']/[tmab] 

Time,  rain. 

1.022 

0.706 

0*161 

0 

0.930 

0.614 

0.180 

60 

0.840 

0.524 

0.205 

120 

0.744 

0.428 

0.240 

255 

0.705 

0.389 

0.258 

315 

0.699 

0.353 

0.278 

375 

0.647 

0.331 

0.291 

426 

k     =     2.2  X  10-3  liter /mole/rain. 


1.022 

0.574 

0.250 

0 

0.946 

0.493 

0.279 

60 

0.379 

0.431 

0.309 

117 

0.811 

0.363 

0.349 

210 

0.772 

0.324 

0.377 

267 

0.741 

0.293 

0.403 

325 

0.711 

0.263 

0.432 

, 

382 

k     = 

2.42 

X  10"^ 

liter/oc 

•le/nin. 
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TABLE  14 
KINETIC  DATA  FOR  TMAB  IN  50   PER  CENT  1-PROPANOL-I/ATER  AT  35.85°C. 


[II'T  [TliAB]  log    [H+]/[TliAB]  Tiiao,  min, 

0.293  0 

0.355  60 

0.413  121 

0.517  233 

0.572  301 

0.663  407 


1.022 

0.j14 

0.910 

0.402 

0.823 

0.320 

0.730 

0.222 

0.694 

0.186 

0.649 

0.141 

k  =  4.05  X  10"-^  liter/raole/nin. 


1.022 

0.659 

0.951 

0.538 

0.827 

0.466 

0.755 

0.392 

0.668 

0.305 

0.604 

0.240 

0.191  0 

0.209  30 

0.250  90 

0 . 235  150 

0.340  240 

0.400  308 


k  =  4.20  X  10"^  liter /no le/nin. 


0.42 
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TABLE  15 
KINETIC  DATA  FOR  T14AB  IN  50   PER  CENT  1-PROPAlIOL- WATER  AT  40.23°C. 


[l&] 

[TMAB] 

log 

[ir'"3/[TiiAB3 

TimG,  nin. 

1.022 

0.653 

0.195 

0 

0*914 

0.541 

0.228 

30 

0.325 

0.456 

0.257 

57 

0,760 

0.391 

0.289 

86 

0.696 

0.327 

0.323 

123 

0.657 

0.288 

0.358 

150 

0.616 

0.247 

0.397 

186 

k     == 

6.77  X 

10-3 

liter /mole/rain. 

0.818 

0.371 

0.343 

0 

0.756 

0.309 

0.389 

35 

0.719 

0.272 

0.422 

61 

0.681 

0.234 

0.464 

92 

0.651 

0.204 

0.504 

124 

0.626 

0.179 

0.544 

151 

0.605 

0.158 

0.583 

182 

6.31  K 

10"  3 

liter/iaole/min. 
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TABLE  16 

KINETIC  DATA  FOR  TAMB  IN  50   PER  CSIIT  l-PROPAilQL-VJATER 

AT  44,30°C. 


[ir]  [TMAB]  log    [ir^]/[TIlAB]  Time,  min. 

0.287  0 

0.348  31 

0.399  58 

0.451  84 

0.519  120 

0.574  151 

0.617  174 
k     =     1.10  X  10"^  liter /mole/rain. 


0.318 

0.422 

0.719 

0.323 

0.659 

0.236 

0.613 

0.217 

0.568 

0.172 

0.540 

0.144 

0.522 

0.126 
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TABLE  17 

SUMMARY  OF  KniETIC  DATA  FOR  TMAB  'm  50   PER  CEOT  1-PROPAIIOL- WATER 


btandard  ^       o     -1 

k,    l.nole"  min."                       deviation  log  1;  1/T,    lO-*  x     K. 

2.31  X  10-3                              0.11  -2.635  3.279 

4.13  X  10~3                              0.08  -2.384  3.23C 

6.79  X  10'-^                              0.02  -2.168  3.191 

1.10  X  10-2                               .  -1.959  3.149 

ZJ^*     =     23.4  kcal./mole 

Arrhenius  parameters  from  log  k  =  A  -  B/T.   [^  in  l.mole-^sec."^ 
A  =  12.30 
B  =  5,110 


-2.7 


53 


-2.6 


O 


-2.5 


-2.4 


-2.3 


00 

o 
>-1 


-2.2 


-2.1 


-2.0 


-1.9 


3.17 


3.20 


3.23 


i  X  10^  V-1 


3.26 


3.29 


Fig.  12.   Arrhenius  Plot  for  the  Acid  Hydrolysis  of  Trimethylamineborane 

in  50  Per  Cent  1-Propanol-Water 
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TABLE  18 

KINETIC  DATA  FOR  DMAS  IN  50   PER  CEI5T  l-PROPAITOL-I/ATER 

AT  6.50c. 


[II*']                              [IKIAB]                            log    [ir^]/[DMAB3  Time,  nin. 

0.284  0,0 

0.311  20.0 

0.336  41.5 

0.370  63.5 

0.404  85.0 

0.469  122.5 
Ic     =     3.81  X  10*3  liter Aaole/min. 


0.818 

0.425 

0.769 

0.376 

0.729 

0.336 

0.685 

0.292 

0.649 

0,256 

0.595 

0.202 
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TABLE   19 

KHIETIC  DATA  FOR  DMAB  EI  50   PER  CENT  3-PROPANOL-WATER 

AT  10.5°C* 


[l!+]  [DliAB]  log    [ir]/[D11AB]  Time,  rain. 

0.284  0.0 

0.314  15.5 

0.354  31.0 

0.397  49.0 

0.463  70.0 

0.506  85.0 


0.81G 

0.425 

0.764 

0.371 

0.705 

0.312 

0.656 

0.263 

0.599 

0.206 

0.571 

0.178 

k  =  1.55  X  10"^  liter /mo le/min. 
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TABLE  20 

KEIETIC  DATA  FOR  DMAB   m  50   PER  CEOT  l-PROPAKOL-^/ZATER 

AT  14.60C. 


[K^]  [J)m3]  log    [H"^"]/[miAB]  Time,  min. 

0.256  0.0 

0.292  11.0 

0.3^  25.0 

0.418  -^sO.O 

0.472  50,0 

0.527  60.0 


0.818 

0.454 

0.744 

0.380 

0.661 

0.297 

0.589 

0.225 

0.549 

0.185 

0.518 

0.154 

k     =     2.87  X  10"^  liter /mole/rain. 
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Fig.    13. 


Second  Order  Race   Plot   for  Dime thy lamineborane    (DMAB) 
in  50   Per  Cent   1-Propanol-Water 
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TABLE  21 

SUMMAKY  OF  TIE  KHTETIC  DATA  FOR  EtlAB  BI  50  PER  CENT  1-PROPAlIOL- 

i'JATER 


k,    l.nole-Wn.-l  log  k                                     1/T,   10^  k  °K."^ 

3.81  X  10"^  -2.055                    3.575 

1.55  X  10"2  -1.810                    3.525 

2.87  X  10"2  -1.542                   3.475 

^    =  22.0  kcal./mole 

Arrhenius  parameters  from  log  k  =  A  -  B/T:  k  in  l.mole'-^sec,"^ 
A  =  13.64 
B  «  4,390 


-2.2 


-2.1 


-2.0 


50 

o 
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-1.7 


-1.6 


-1.5 
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Fig.  14. 


Arrhenius  Plot  for  the  Acid  Hydrolysis  of  Dimethylamineborane 
in  50  Per  Cent  1-Propanol-Water 
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Fig.  15.   Solubility  of  Methylamineborane  (MMAB)  in  Water 
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Solubility  of   Ditnethylamineborane    (DMAB)    in  Water 
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Solubility  of  Trimethylamineborane  (TMAB)  in  Water 
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Fig.  18.   Solubility  of  Methylamineborane  (MMAB)  in  Benzene 


CHAPTER  IV 
DISCUSSIOl  OF  RESULTS 

A._  Aqueous  kinetiics 

The  reaction  of  the  methylanineboranes  in  acidic  solution  proceeds 
to  conpletion  according  to  the  overall  equation 

R2CII3NBH3  -f  If"  n-  3II2O  >   R2CH3riH'^  -:-  B(OI03  +  3H2, 

where  R  is  CH3  or  H,  Tlie  reaction  can  be  studied  by  several  modes  of 
analysis.  The  If''  coneeutration  can  be  followed  by  measuring  the  in- 
stantaneous pH  of  the  solution,  or  by  quenching  with  base  and  bad:  titra- 
ting. The  amount  of  hydrogen  gas  evolved  can  be  followed  by  nanometric 
techniques,  taking  into  account  the  solubility  of  the  gas  in  solution. 
The  reducing  power  of  the  solution  can  be  folla/ed  by  quenching  the 
reaction  with  excess  iodate,  converting  the  iodate  to  iodine  with  excess 
acid  and  potassium  iodide,  and  then  back  titrating  the  iodine  with 
arsenite.  Tlie  folla/ing  set  of  reactions  describes  this  method: 

R2CH3imH3  n-  IO3'  >  B(OI03  +  R2CH3K  +  I" 

eir^  -{-   10^"    -J-   51'    ^    3I2    -J-   3H2O 

I2  'r    As03^'  -i-  H2O  ^  ASO42"  •}-  2H^  -}-  21". 


Tliis  oethod  of  analysis  of  boranes  was  first  reported  by  Lyttle,  Jensen, 
and  Struck   for  the  borohydride  group. 
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The  stoichionetry  of  the  reaction  tjac  established  by  a  cocsbination 
of  tv70  laethods.  Tlie  hydrogen  iorij  boric  acid,  and  nethylanaoniiini  ion 
concentrations  irere  determined  by  a  potesntiometric  titration  with  OlT , 
as  aliqiiots  were  removed  during  different  stages  of  the  reiaction,  TI:e 
instantaneous  reducing  pouer  of  the  solution  uas  simultaneously  deter- 
mined by  the  iodate  n^thod.  The  experimentally  determined  stoichionetry 
agreed  with  the  overall  equation  for  the  acid  hydrolysis  indicated  above, 
Tliese  results  also  agree  with  Rysclilcewitsch's^'  study  of  the  acid 
hydrolysis  of  trimethylamineborane,  in  which  the  author  concludes 
that  there  is  no  build-up  of  B-H  intermediates. 

In  this  work  the  aqueous  hydrolyscs  were  followed  by  measuring  the 
instantaneous  pH  of  the  solutions.  The  excellent  fit  of  the  data  to 
second  order  kinetics,  the  agreement  with  the  proposed  stoichiometry, 
and  the  conclusions  of  other  investigators-^^'-*'  appear  to  preclude  the 
formation  of  any  oxidisable  B-H  intermediates  that  could  be  detected  by 
our  methods. 

Tiie  general  rate  equation  is  given  by 

-d[R2CIl3lIBIl3]/dt  =  k  [R2CK3imH3]  [IT"'-]  5  (1) 

where  k  is  the  second  order  rate  constant,  t  is  the  timCj  and  the 
bracl;ets  indicate  molar  concentrations.  Expressing  (1)  in  terras  of  the 
initial  concentrations  and  the  amount  reacted  after  some  time,  t;  a  and 
b,  and  x,  respect ivelvj  we  have 

dx/dt  =  k(a-x)(b-x).  (2) 

Separating  the  variables,  integrating,  and  imposing  the  boundary  condi- 
tion that  X  is  aero  when  t  is  sero,  the  resulting  equation  is 
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1     b(a-x) 
I't  =  ^a^h)    ^  c.  Cd-::)  •  O) 

A  plot  of  log  (a-x)/(b-x)  verGUS  tiirtp.   should  thus  be  linear  with  a   slope 
equal  to  k(a-b)/2.303.  Tlie  linear  plots  obtained  from  our  date  are  con- 
f irnation  that  the  reaction  is  first  order  in  aminebcranc  concentra c ion 
and  first  order  in  hydrogen  ion  concentration,  Tliis  is  the  sanie  con- 
clusion reached  by  Kelly,  llarchelli,  and  Giusto^^  in  their  investigation 
of  the  hydrolysis  of  several  amineboranes. 

In  a  somev/hat  analogous  nanner  to  the  treatment  of  the  liydrolysis 
of  trinethylamineborane  by  Rysclilce^/itsch,^'  there  appear  to  be  several 
possible  neclianisns  consistent  with  the  data.  Besides  the  solvated  pro- 
ton, the  acids  water,  nethylaianoniun  ion,  and  boric  acid  could  conceivably 
react  with  the  amineboranes  according  to  the  follo^ying  equations: 

R2CII3IIBII3  ■\-  If'"  ^  II2  -5-  products  (4^.) 

R2Cn3llBIl3  -i-  H2O   ^  112  "^  products  (4b) 

R2CIl3imH3  +  R2CI-l3NH^ ^  H2  -^  products  (4c) 

R2CH3NBH3  -:-  B(0H)3  ^  Ho  -r  products  (4d) 

The  reactions  of  the  anineboranes  vjith  water,  methylaaraonium  ion,  or 
boric  acid  can  be  eliminated  from  consideration  because  of  their  con- 
par  it  ively  slow  reaction  rates  with  respect  to  the  rate  of  the  reaction 
with  hydrogen  ion  in  the  time  and  concentration  ranges  s-udied. 

There  are  tx70   possible  equilibria  that  could  produce  a  BH3  species; 
a  displacement, 

R2CH3l©H3  +  If'"  ^      '^   R2CH3NH**  +  BH3,       (5) 
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or  a  dissociation, 

R2CU3IJBII3    ^  '^    R2CII3H     -1-    Bn3.  (G) 

Tlia  BHo  fragTiiGiii:  could   then  be  attached  by  the  acids  listed  in 
equat  ions   (4a) - (4d) : 

BH3  -I-  If''   >      H2  -J-  products  (7g) 

BH3  +  H2O    ^    H2  +  i^roducts  (7b) 

BK3  H-  R2CIl3NK"^ ^  Ilg  -i-  products  (7c) 

BH3  -r  B(0II)3  ^  H2  +  products  (7d) 

Another  alternative  is  the  direct  attack  of  the  solvated  proton 
on  the  B-H  bond  of  the  amincborane , 

R2CH3NBH3     4-     H^    ^     R2CIl3NBH2'^'     *!-     H2.  (3) 

Hawthorne  and  Lewis^^  have  reported  this  type  of  inechanisia  In  their  study 
of  the  hydrolysis  of  pyridine  diphenylborane  in  acetonitrile.  Ti.iG  most 
direct  approach  t/ould  be  a  study  of  the  isotope  effect  in  the  hydrolysis 
of  the  anineboranes  and  their  deuteratcd  analogs,  i.e.,  R2CH3MBH3  and 
R2CH3NBD3«  However.  Davis  etal. 17  found  that  trimethylamineborane  under- 
goes  a  rapid  and  quantitative  exchange  of  the  boron  hydrides  with  heavy 
water,  1)20.  Therefore,  nothing  would  be  gained  by  running  the  deutcrated 
conpound  in  aqueous  solutions  if  the  rate  of  deuteration  greatly  exceeded 
the  rate  of  hydrolysis.  Ryschkewitsch  and  Bimbaucr*^  studied  the  kinetics 
of  pyridineborane  in  1-propanol  nnd  in  1-propanol-water  solutions,  and 
the  authors  conclude  that  the  reaction  probably  proceeds  by  loss  of  the 
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amine  rather  than  H  in  the  clou  step.  Kelly,  Marchelli,  and  Giusto 
studied  the  solvolycic  of  ceveral  anineboranes  and  propoced  that  the 
mechanism  involved  a  rate  detemining  attack  of  the  solvated  proton  on 
the  araineborane,  in  whicli  a  proton  is  being  tranti erred  to  the  nitrogen 
atom  concurrent  with  a  loosening  of  the  B-K  bond,  followed  by  a  rapid 

solvolysis  of  the  borane  fragment.  A  borane  cation  of  the  type 

.1.  .  _ 

(R3N)2BH2  has  been  reported  by.  Miller  and  IJuertterties^^  and  foiaid  to  be 

very  stable  toward  acid  attack,  lie   i/ould  suspect  that  the  borane  cation 
in  equation  (S)  V70uld  be  coordinated  to  Lhc  solvent  vjater  to  form  the 
analogous  species  (R2Cn3n)  (Il20)BIl2  .  On  the  basis  of  the  evidence  in  the 
literature  cited  above,  uc  uonld   thus  eliminate  equation  (3)  from  con- 
sideration as  a  possible  ncchanism. 

First  order  kinetics  in  the  acid  concentration  could  result  from 
a  rapid  displacement  equilibriunij  folla/ed  by  the  slow  reaction  of  the 
borane  fragment  with  a  protonic  species,  equations  (7b) -(7d),  We  would 
like  to  shov;  hcni   this  process  can  be  eliminated  from  consideration.  If 
we  assume  tlic  reaction  proceeds  by 

R2CH3NBH3  -1-  ir      ^-3.  -^   R2CH3NH'*'  4-  BH3 

ko 
BH3  -}-  acid   "^ ^  lU  -5-  products, 

where  kj^  and  k^,  are  the  forv/ard  and  reverse  rate  constants  for  the  rapid 
displaceraent  equilibria,  and  k2  is  the  rate  constant  of  the  slov;  step, 
then  the  rate  expression  x/ould  be  given  by  rate  =  k2  [BII3]  [acid] .  The 
Bri3  concentration  can  be  related  to  the  equilibrium  constant,  K,  of  the 
displacQuent  equilibrium  by 
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^   [BH33  [R2CH3in]t3 
*-     [R2CIl3imH3]  [IP-J  • 

Solving  for  the  BH3  concentration  in  temis  of  K  and  siibstituting  this  in 
the  rate  expression,  vtq   arrive  at  the  nevr  rate  expression 

k2K[R2CH3NBH3j  [li"^]  [acid] 
rate  =  -± ^ — ^ :i=-i — ii i  .  (9) 

[R2CK3Nir] 

It  can  be  seen  innaediately  v/hy  (7a)  is  eliminated.  If  the  acid  is  ir,  and 
this  is  substituted  in  (9)  for  the  acid,  then  tliis  will  give  a  rate 
esqprcssion  that  is  second  oidei*  in  hydrogen  ionj  whicrt  is  contrary  to 
our  observed  data.   Hov/ever,  substituting  v/ater,  raethylanaiKDnium  ion,  or 
boric  acid  for  the  acid  in  (9)  would  present  a  rate  ejq)ression  that  is 
first  order  in  hydrogen  ion.  The  rate  would  also  be  inversely  propor- 
tional to  the  nethyiaiiiacnium  concentration,  as  readily  seen  from  equation 
(9).  Tlierefore  the  addition  of  the  methylammonium  ion  to  the  solution 
should  retard  the  rate,  if  this  ic  the  correct  racclianisra.  This  would  be 
true  of  course  only  for  (7b)  or  (7d) ,  which  contain  water  and  boric  acid 
as  the  attacking  acids.  Actually,  the  rate  of  the  trinethylamineborane 
hydrolysis  is  increased  by  the  addition  of  trimethylamnoniuia  ion  accord- 
ing to  Ryschkewitsch's-^'  study,  and  we  would  assurae  an  analogous  effect 
for  the  other  two  adducts.  Thus,  we  have  so  far  eliminated  a  rapid  dis- 
placement equilibrium  followed  by  a  slow  solvolysis  of  the  borane  frag- 
ment by  hydrogen  ion,  water,  or  boric  acid.  We  ^Tould  also  like  to 
eliminate  from  consideration  the  equilibrium  folla/ed  by  the  slov7  reaction 
of  the  borane  fragment  with  raethylammonixjm  ion,  for  the  follcn/ing  reasons. 
If  step  (7c)  is  analogous  to  reaction  with  hydrogen  ion,  and  if  the 


70 

reactivity  increases  uith  the  acid  strength,  then  both  steps  would  be 
competing  and  (7a)  should  be  faster.  TliereforCj  as  long  as  the  equi- 
librium is  raaintained,  step  (7a)  ^Tould  produce  second  order  kinetics  in  a 
hydrogen  ion.  This  has  already  been  eliminated  as  being  contrary  to  our 
results.  Therefore,  a  rapid  displacenent  oquilibriuni  follox'/ed  by  the 
slow  reaction  of  a  boranc  fragiiiient  in  steps  (7a)  through  (7d)  has  been 
elininated  from  consideration  as  a  possible  aeclianisin.  The  dissociation 
equilibrium  (6) ,  can  also  be  elininated,  because  the  displacenent 
equilibrium  (5),  is  a  corrbiiiation  of  (6)  and  the  rapid  proton  transfer 
equilibrium  to  the  methylamaonium  ion, 

R2CH3imil3  ^     "^  R2CH3N  +  BH3 
+   R2CH3K  -:-  if'       ^    R2CH3NH^ 

R2CH3ieH3  -'r     if"       ^    R2CH3NIl"^"  +  BII3  . 

Tliis,  of  course,  has  been  eliminated  as  indicated  above. 

However,  if  step  (7a)  were  so  fast  that  equilibritim  is  not  main- 
tained, then  step  (4a)  would  represent  the  reaction,  i.e. , 

R2CH3K3n3  -J-  l&        ■ ^^ :>  H2  +  products. 

Thus,  first  order  kinetics  in  amineborane  concentration  and  first  order 
kinetics  in  hydrogen  ion  concentration  would  be  observed  frcm  the  pro- 
tonation  of  the  nitrogen  atom  of  the  amineborane,  concurrent  vrita  B-N 
bond  br6akage,  foi levied  by  a  rapid  solvolycis  of  the  borane  intermediate. 
The  reaction,  including  the  transition  state,  can  be  conceived  as 


R2CIl3iroH3     -^     H"^    ^^Q-^    > 


R2Cll3lI»..BII; 


H 


rnpid 
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■>  R2CII3NH"*"  -'.•    BH3 


BH3  ^-  H2O  J.^P-'-g  ^  j-.^  ^-  products. 

This  type  of  transition  state  is  also  in  agreeraent  with  the  ionic 
strength  dependence  of  the  trimethylamineborane  hydrolysis  studied  by 
Ryschl:ev7it6ch,^'  and  that  proposed  by  Kelly,  Marclielli,  and  Giusto"^'^  in 
their  study,   Tlie  latter  authors  base  their  hypothesis  on  the  influence 
of  sabstituents  on  the  aniline  ring  in  C^Il5NH2BH3  and  on  dielectric  effects 
from  using  mixed  solvents. 

Tlie  activaiiion  energies  and  the  Arrhenius  pararacters  calculated  for 
the  methylamineboranes  are  listed  in  Table  22  on  the  next  pd^e.   On  the 
basis  of  the  proposed  transition  state  and  the  rate  determining  pro- 
tonation  of  the  amineboranCj  there  are  several  factors  which  may  be  help- 
ful in  explaining  the  trend  in  activation  energies.  Tliese  factors  include 
any  influences  which  v^aken  or  strengthen  the  B-N  bond,  steric  and  in- 
ductive effects,  and  the  stabilization  of  the  transition  state  and  re- 
actants  by  the  solvent. 

A  study  of  the  heat  of  the  reaction 

R2CH3lI(£)  -I-  l/2-B2H6(£)  ^  R2CH3NBH3(g) 

could  be  an  indication  of  the  relative  B-N  bond  strengths  of  the  adducts. 
llcCoy  and  Bauer'^'"'  have  calorii-aetrically  determined  the  heat  of  reaction 
for  the  gaseous  reactants  to  give  the  solid  adducts.  At  the  time  of  their 
study,  the  heats  of  vaporisation  of  the  methylamineboranes  had  not  been 
determined.  Values  for  the  gaseous  heats  of  reaction  wo::c  obtained  by 
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T/3I^  22 
TIE  ACID  HYDROLYSIS  OF  THE  MSTIPZLAMIl^EBOR/vNES 


Me  thy  laiaineborane 

A 

B 

AE*, 

hcal./nole 

Temp,    i 

L-aiige,  ^C, 

i^C 

ter 

Methyl 

11. 

,14 

3,457 

15. 

.31 

26 

.5-55.0 

Dimethyl 

13, 

,33 

4,637 

21, 

.21 

36, 

.0-50.0 

Trimethyl^^ 

14. 

.74 

5,623 

25. 

,73 

35, 

.0-44.0 

50  Per  Cent  1-Propanol- Water 
Dimethyl  13.6         4,890  22.0  6.5-14.6 

Trimethyl  12.3         5,110  23.4  31.S-44.4 

Arrhenius  parameters  for  the  second  order  rate  constants  and  activation 

energies: 

log  k     =     A  -  B/T;   k  in  1. mole*   sec." ^ 

A     s=     log  A' 

B     «     AE*  (1000) /2. 303  R 
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adding  the  heats  of  v?.porization  found  by  Parry  et  al."*  to  the  values  for 
the  solid  adducts  obtained  by  McCoy  and  Bauer,  Tliese  values  are  lici:ed 
in  Tabic  24  on  page  o2.  Tlie  heat  of  dissociation  of  diborane  enters  into 
the  heat  of  reaction,  but  this  v/ill  be  true  for  each  aethylaraineborane 
and  will  not  affect  the  trend  in  these  heatd.  It  is  coen  that  the  tri- 
raethylamineborane  has  the  highest  heat  of  reaction  and  would,  on  this 
basis,  be  expected  to  have  the  highest  activation  energy.  Analogous 
arguments  apply  to  the  two  other  methylanineboranes,  and  the  trend  in 
activation  energies  should  parallel  the  trends  in  the  absolute  values  of 
the  heats  of  formation  of  the  anineboranes. 

Tliis  same  trend  would  also  be  predicted  on  the  basis  of  inductive 
effects,  Tlie  triiaethylamineborane  v/ould  be  e:q>ected  to  have  the  nitrogen 
atom  with  the  highest  electron  density  compared  to  the  other  two  methyl- 
araineboranes ,  and  would  be  expected  to  have  the  strongest  B-N  bond.  The 
stronger  the  B-N  bond  in  the  transition  state,  the  more  difficult  it  would 
be  to  break  this  bond,  and  hence  the  activation  energy  should  increase 
with  bond  strength.  Since  the  heats  of  reaction  of  the  methylamines  with 
diborane  is  also  a  measure  of  the  relative  bond  strengths,  McCoy  and 
Bauer's  work  also  indicates  an  increase  in  bond  strength  from  methyl-  to 
trinethylamineborane,  when  their  data  has  been  adjusted  to  the  gas  phase. 
Hov/ever,  some  data  on  the  interaction  of  methylamines  and  LcK-jis  acids  do 
not  exiiibit  this  trend.   Instead  the  trend  appears  to  be  dimethylaraine  > 
monomethylaminC'i??  trimetliylamine,  Tliis  is  true  of  Broc-m,  Bartholomay, 
and  Taylor's  study  of  the  gaseous  dissociation  of  the  oethylaininetrimethyl* 
boranes;  Bauer *s^^  work  on  the  methylamines  and  borontrif luoride;  and  the 
data  quoted  by  Braude  and  Nachod  on  the  heats  of  reaction  of  the  methyl- 
amines and  borontrif luoride  in  nitrobenaene.  Ifov/ever,  these  reactions  do 
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not  involve  the  saiae  cubstituents  on  the   boron  atom,  are  subject  to  sol- 
vent effects  in  the  case  of  the  nitrobenzene  measureraents,  and  con- 
sequently make  strict  coraparisons  difficult.  Also,  uhen  the  solid 
adduct  is  formed  from  gaseous  reactants,  different  Lewis  acids  V7ill  be 
subject  to  different  lattice  effects  which  influence  the  heats  of  vapor- 
ization. 

In  all  of  these  cases,  and  In  our  case  as  well,  there  is  only  a 
difference  of  a  few  kiiocalories  per  mole  for  the  heats  of  reaction  of 
the  methylanines  witli  the  boranes.  One  can  conclude  that  an  explanation 
of  the  trends  in  activation  energies  based  only  on  the  B-N  bond  strengths 
or  on  inductive  effects  is  inconclusive,  but  that  these  factors  neces- 
sarily influence  the  activation  energies.  Bauer*^'  also  agrees  that  heats 
of  association  and  the  activation  energies  of  the  methylaminebor :-nes 
should  be  only  roughly  related. 

Assuming  the  first  step  in  the  meclianism,  the  slo^«7  or  rate  deter- 
mining step,  is  the  protonation  of  the  nitrogen  atom  of  the  amineborane, 
then  there  appear  to  be  two  in5>ortant  factors  to  consider.   Sterically, 
it  would  be  expected  that  trinethylamineborane  trould  be  least  susceptible 
to  an  attack  by  a  solvated  proton.   Conversely,  the  mononethylajnineborane 
V70uld  be  the  most  readily  attacked  of  the  three  anineboranos .  Therefore 
the  monomethylamineborane  might  be  expected  to  react  faster  than  the 
dimethylamineborane,  etc.  This  does  agree  with  the  observed  rates  of 
hydrolysis  for  the  anineboranos . 

One  would  also  expect  the  solvent  to  influence  this  first  step,  de- 
pending Oil  the  effective  acidity  of  the  solvated  proton  in  different 
media. 
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On  the  basis  of  electronic  effects,  the  nitrogen  atota  in  the  oono- 
oethylamineborane  t/ould  be  e^q^ectecl  to  have  the  lowect  electron  density 
of  the  three  ainineboranes.  Tlierefore  on  the  basis  of  attraction  for  the 
Eolvated  proton,  the  raonomethylamineborane  v/ould  react  the  slowest,  Ilovj- 
ever,  the  steric,  electronic,  and  inductive  effects  loay  be  minor  compared 
to  other  factors  such  as  hydrogen  bonding  and  dielectric  effects,  waich 
are  discussed  below. 

In  considering  solvent  effects,  a  h.ypothetical  energy  diagram  can 
be  constructed  showing  the  energies  involved  in  going  from  the  solvent 
phase  to  the  gas  phase.  This  diagram  is  illustrated  on  the  following 
page.  Attention  will  be  focused  on  the  reactants  and  the  transition 
states;  the  transition  state  is  assumed  to  be  a  loosely  bound  nethyl- 
ammoniiira  ion  and  a  borane  fragment.  Once  the  B-N  bond  is  loosened,  the 
borane  fragment  undergoes  rapid  solvolysis  to  the  final  products. 

In  the  solvation  process,  the  energy  terms  involved  are  the  heats 
of  hydr::itlcn,  A%,  of  each  species  of  reactants  and  transition  states 
and  the  activation  energies  of  the  gaseous  and  solvated  transition  states. 
In  the  series  of  the  methylamineboranes ,  the  heat  of  hydration  of  the  pro- 
ton will  be  the  same  in  all  cases  and  should  not  affect  the  overall 
energy  differences,  Tlie  borane  fragment  is  present  in  each  transition 
state  and  one  would  e2q?ect  that  the  borane  portion  of  the  transition 
state  would  have  an  interaction  energy  with  the  solvent  environment  which 
is  independent  of  the  amine  i>ortion,  even  though  the  energy  of  fonnation 
of  each  transition  state  from  the  gaseous  reactants  would  be  related  to 
the  B-N  bond  strength, 

Briegleb^  has  found  tlie  heats  of  hydration  of  methyl-,  dimethyl-, 
and  trimethylamine  to  be  -10,4,-11,0,  and  -11,4  kcal,/molc,  respectively. 
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Tnerefore,  ae  a  f iret  approximation,  one  ;A3uld  not  expect  the  heats  of 
hydration  of  the  i:iethylaminGboranes  to  differ  by  nuch.  Tlvis  is  fairly 
well  substantiated  by  the  experimental  data  obtained  from  the  lieats  of 
solution  of  the  amineboranes  listed  in  Table  23  on  page  30,  and  from  the 
heats  of  vaporisation  found  by  Parry  ct  al.^^  Tlie  heats  of  solution 
were  detenained  from  the  least  squares  slope  of  a  plot  of  log  [methyl- 
amineborane]  versus  1/teraperature  for  the  saturated  solutions.  Tlie 
heats  of  hydration  were  then  calculated  by  subtracting  the  heats  of 
vaporisation  from  the  heats  of  solution.  Tlie  teir?)erature  ranges  of  the 
solubility  measureujents  do  not  coincide  with  the  temperature  ranges  of 
the  kinetic  data,  but  only  a  rough  estimate  vjas  desired.  Tlie  curvatures 
in  the  solubility  curves  of  the  di-  and  raonoraethylamineborane  (Figures 
15  and  16  on  pages  60  and  61,  respectively)  nay  be  due  to  changes  in  the 
degree  of  acsociatiou  of  the  molecules.   Such  behavior  has  been  reported 
by  Noth  and  Beyer ^^  for  the  nethylamineboranes.  The  values  calculated 
for  the  heats  of  hydration  of  tri-,  di-,  and  monomethylamineborane  are 
-9.1,  -12.9,  and  -12.5  kcal./roole,  respectively.   Since  the  heats  of 
solution  x/ere  calculated  from  the  slope  of  a  log  (concentration)  versus 
l/temoerature  plot,  and  since  the  curvature  observed  in  the  di-  and 
monomethylamineborane  cur^^es  is  toward  a  more  rapid  increase  in  the 
saturation  concentration  than  expected,  then  one  might  predict  even  higher 
values  for  the  heats  of  solution  of  these  two  adducts  in  the  temperature 
range  of  the  kinetics,  i.e.,  25-50OC.  Tliis  in  turn  would  lead  to  lower 
negative  heats  of  hydration  of  these  two  amineboranes,  since  the  heats 
of  hydration  were  calculated  from  the  differences  betv/een  the  heats  of 
solution  and  the  heats  of  vaporisation.  Tiie-efore  the  differences  in  the 
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heats  of  hydration  of  the  methylamineboranes  may  even  be  closer  together 
tb^n  our  data  indicate. 

It  cccnis  that  the  factor  affecting  the  differenccc  in  activation 
energies  to  the  greatest  extent  is  the  heat  of  hydration  of  the  tran- 
sition state.  If  protonation  occurs  with  the  concurrent  loosening  of 
the  B-N  bond  to  forra  loocely  bound  i;^thylancaonium  ion  and  BH3,  then  it 
seems  logical  to  discuss  the  differences  in  the  heats  of  hydration  of  the 
transition  stcfte  on  the  basis  of  the  differences  in  the  heats  of  hydra- 
tion of  the  rnethylamuvouiiHii  ions,  assuming  a  fairly  constant  contribution 
from  the  BII3  part  of  the  molecule,  Trotman-Dickenson^^  has  postulated 
that  in  the  equilibrium 

R3NH*"  -:-  II2O  ^    ^   1130'^  -:-  R3N, 

the  degree  of  stabiliza<-ion  depends  on  the  ntcaber  of  hydr(^en  bonds 
capable  of  being  formed,  and  on  the  aqueous  ionisation  constants  of  the 
amines,  Tlic  author  states  that  the  effect  of  raethyl  substitution,  although 
increasing  the  base  strength  inductively,  is  more  than  corq)ensated  for  by 
the  loss  of  hydrogen  bonding;  and  that  the  amines  v/ill  be  stabilised  to 
approximately  the  sane  extent  owing  to  solvation,  but  that  the  amine 
ions  will  be  stabilised  much  more,  and  to  different  degrees  a/ing  to 
hydrogen  bonding,  Ilall's^^  study  of  the  correlation  of  the  base  strengths 
of  the  amines  confirms  Trotman-Dickenson's  theory.   Pearson  and 
Vogclsong^-'-  have  estimated  the  heats  of  hydration  of  the  methylanmoniuo 
ions  to  be  -71,  -63,  and  -55  kcaL/mole  for  the  methyl-,  dimethyl-,  and 
crimethylacmonium  ions,  respectively.  These  values  v/ere  calculated  from 
a  modified  Born  equation  and  from  the  lattice  energies  of  the  hydro- 
chlorides and  tetramethylannaoniura  chloride.  It  is  seen  that  there  is  a 
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decrease  of  approxiraately  8  kilocaloriec  per  mole  in  the  heat  of  hydration 
when  raethyl  is  substituted  for  hydrogen  on  the  nitro;;en  atom.  Tlierefore, 
one  might  e2q>ect  that  a  transition  state  involving  a  loosely  bound  methyl- 
ammonium  ion  to  a  borane  fragnient  is  subject  to  somewhat  analogous 
effects.  The  monomethylamineborane  transition  state,  capable  of  forming 
the  greatest  nunber  of  hydiogan  bonds  cf  the  three  methyl aminebcranes , 
would  be  the  most  stabilised.  Thus,  the  expected  trend  in  activation 
energies  would  be  the  same  as  that  eicperinentally  observed,  for  the 
differences  in  the  stabilization  of  the  transition  states  are  much  greater 
than  the  differences  in  the  stabilisation  of  the  araineboranes. 

It  is  proposed  then,  that  a  iTiajor  factor  in  the  observed  trend  in 
activation  energies  of  the  methylamineboranes  is  the  stabilisation  of 
the  transition  state  by  the  solvent  water.  It  would  be  interesting  to 
determine  tlie  activation  energies  of  several  series  of  aiiineboranes,  such 
as  the  ethyl-  or  n-propylanineboranes,  to  test  the  hypothesis,  and  to 
evaluate  the  consequences  of  possible  steric  effects  v/hich  have  been  pre- 
viously discussed.  A  discussion  of  the  activation  energies  in  a  mixed 
solvent  is  undertaken  in  Part  B  of  this  section. 

Summarising  the  factors  contributing  to  the  observed  trend  in 
activation  energies,  it  is  proposed  tliat  steric  efLects  play  a  relatively 
minor  role,  thc.t   the  activation  energies  follow  the  trend  escpected  from 
the  B-W  bond  strengths,  but  that  in  addition  a  most  important  effect  is 
the  stabilisation  of  the  nethylararaonium  ion  part  of  the  transition  state 
by  hydrogen  bonding  in  the  aqueous  solvent. 
B.  Kinetics  in  the  50  per  cent  1-propanol-watcr  mixed  solvent 

Tlie  kinetics  of  trimethylaraineborane  in  1-propanol-water  were  con- 
siderably different  at  large  trimetliylaxiineboranc  concentrations  than 
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those  at  low  concentrations,  and  the  kinetics  for  these  two  cases  v/ill 
be  discussed  separately. 

Triincthvl->  and  dimethylaraincborane  concentrations  greater  than 
0.300  M.  The  kinetic  data  for  the  acid  hydrolysis  of  tri-  and  dimethyl- 
anineborane  cliov;  a  linear  fit  to  the  second  order  rate  esqjression  pre- 
viously discussed.   Diiaethylamineborane  kinetics  were  not  investigated 
at  low  concentrations,  but  the  t rime thy lanineborane  kinetics  do  not  obey 
the  second  order  rate  expression  at  concentrations  around  0.02  H. 

The  1-propanol-water  azeotrope  used  in  tlie  experiments  contains 
71.7  per  cent  1-propanol  and  28.3  per  cent  water,  by  weight, ^3  as  pre- 
pared in  Part  A  of  the  ocperiniental  section.  Tlie  volume  ratio  of  the 
azeotrope  contains  75.8  per  cent  1-propanol  by  volisae,  as  calculated 
from  the  room  temperature  densities  of  water  and  1-propanol.   In  each 
experiment  two  voluraes  of  the  azeotrope  were  mixed  with  one  volume  of 
the  aqueous  acid  (giving  a  mixture  of  50.6  per  cent  1-propanol  by  volume) 
and  throughout  this  paper  this  mixture  v/ill  be  referred  to  as  50  per 
cent  1-propanol-water. 

A  comparison  of  the  rate  constants  foiond  in  the  mixed  solvent  with 
the  rate  constants  found  in  the  pure  water  is  listed  in  Table  24  on  the 

following  page,  and  shows  the  rates  to  be  slower  in  the  mixed  solvent. 

57 
This  is  similar  to  tlie  behavior  found  by  Ryschkewitsch   in  the  acid 

hydrolysis  of  trimethylamineborane  in  20  per  cent  dioicane- water  solutions, 

and  that  reported  by  Kelly,  ^ferchelli,  and  Giusto^^  in  their  investigation 

of  the  hydrolysis  rates  of  several  amineboranes  in  50  per  cent  dior^ine- 

water  solutions.  RyscM:ewitsch  and  Bimbauin,^^  however,  found  an  increase 

in  the  rate  of  solvolysis  of  pyridineborane  in  1-propanol-water  soltuions 

compared  to  the  rate  in  pure  vjater.  Tliese  authors  used  the  solvents 


82 


T.ABLE  24 

COMPAPsISOH  CF  TIE  SECOND  ORDER  RATE  CaiSTANTS  OF  DI-  AND 
TRIl'ETir/LAl^HITSBORANE  IN  I-7ATER  AND  IN     50   PER  CENT  1-PROPANOL- WATER 


Methylanine-  k  in  50  per  cent 

borane  k  in  water*  l«propanol-water  Temperature,     C. 

Dimethyl  6.50  s  lO""^  1.47  m  10""^+  6.5 

1.10  ::  10*-^  2.58  x  10""^  10.5 

1.91  ::  10'^  4.78  x  10"^  14.6 


Trimethyl       1.87  x  lO"'^  3.87  :i  10"^  31.83 

3.24  ::  IQ-'^  6.38  x  10'^  35.85 

5.83  X  lO"'^  1.13  X  10-^  40.23 

1.00  X  10"^  1.84  X  10""^  44.38 

k  in  liter/mole/cec. 


*These  values  were  calculated  at  the  temperatures  indicated  from  the 
relation  log  k  =  A  -  B/T,  where  the  parameters  A  and  B  are  given  in 
Table  22  on  page  72. 
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theiaselves  as  the  liydrolyzing  acids,  and  thic  is  probably  \;giiy  the  behavior 
ie  different  from  the  other  cases  listed  aba/e.  The  pyridineboranc 
solvolysis  involves  the  dissociation  of  the  adduct  into  pyridine  and 
a  borane  fragment  as  the  rate  determining  step,  whereas  our  data  indi- 
cate the  rate  determining  step  in  the  acid  hydrolycic  is  the  protonation 
of  the  nitrogen  atom  of  the  araineborane , 

The  decrease  in  rates  in  the  mixed  solvents  may  be  caused  by  a 
decrease  in  the  pre- exponential  factor,  A.  Tliis  factor  can  be  related  to 
the  entropy  of  activation,  but  definite  conclusions  based  on  entropy  con- 
siderations would  be  difficult  from  the  present  state  oi  cur  knowledge  of 
the  liquid  state.  Tlie  differences  in  tlie  activats-on  energies  in  1- 
propanol-watcr  and  in  water  only  will  be  discussed  on  the  basis  of  di- 
electric and  hydrogen  bonding  effects. 

The  effect  of  stabilising  the  transition  state  more  than  the  ground 
state  by  hydrogen  bonding  has  been  discussed  earlier  in  this  section.   It 
was  postulated  that  the  trend  in  activation  energies  observed  in  the  acid 
hydrolysis  of  methylamineboranes  can  largely  be  ascribed  to  the  differ- 
ences in  the  heats  of  hydration  of  the  methylammonium  ion  portion  of  the 
transition  state  caused  by  hydrogen  bonding,  the  heats  of  hydration  of 
the  methylamine  adducts  contributing  little.  On  this  basis,  the  transi- 
tion states  of  the  amincboranes  would  be  ctabj-lised  more  than  the  araine- 
bcranes  themselves  by  hydrogen  bonding  with  the  solvent.  Therefore  as 
the  hydrogen  bonding  power  of  the  solvent  is  reduced,  one  x7ould  predict 
a  higher  activation  energy  for  each  roethylamineborane  due  uo  cue  relative 
dcstabilization  of  the  transition  states  in  the  mixed  solvent.  Thus,  in 
the  acid  hydrolysis  of  di-  and  triiaethylamineborane  in  50  per  cent  1- 
propanol-water,  we  would  e:q)ect  a  higher  activation  energy  in  the  mixed 
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solvent  for  both  conipoiinds  than  in  water  only,  lioreover,  the  dimethyl- 
anrineborane  transition  state  should  be  affected  to  a  relatively  greater 
degree  than  the  triEiethylamineborane  transition  state  by  changes  in  tlie 
hydrogen  bonding  pov/er  of  tlie  solvent.  Tnc  activation  energies  obtained 
in  this  investigation  are  listed  in  Table  22  on  page  72,  and  it  is  seen 
tha^:  although  the  activation  energy  for  dimethylanineborane  in  the  mi::ed 
solvent  is  higher  than  in  pure  water,  the  activation  energy  of  the  tri- 
methylaiaineborane  is  lower  in  the  mixed  solvent  than  in  water. 

We  interpret  these  data  to  be  the  result  of  two  opposing  trends. 
Decreasing  the  hydrogen  bonding  power  of  the  solvent  tends  to  increase 
the  activation  energy,  with  the  sensitivity  increasing  from  trimethyl- 
to  monoinethylamiD.eborane.  However,  decreasing  the  dielectric  constant  of 
the  solvent  would  tend  to  decrease  the  activation  energy.  This  is  due 
to  the  relatively  greater  destabilization  of  the  ground  state  compared 
to  the  transition  state  when  the  dielectric  constant  of  the  soxvent  is 
decreased,  Now,  the  dilution  of  water  with  1-propanol  reduces  both  the 
hydrogen  bonding  pov/er  of  the  medium  and  the  dielectric  constant.  Re- 
ducing the  dielectric  constant  would  then  destabilise  the  ground  state 
relative  to  uhe  transition  state  and  lead  to  a  lower  activation  energy. 

The  acid  hydrolysis  of  the  amineboranes  can  be  iraagined  as  the 
reaction  bet^jeen  a  sraall,  positively  charged,  solvated  proton  and  the 
solvated  amineborane  dipole  to  form  the  larger,  positively  charged,  sol- 
vated transition  state, 

R2CIl3N'«-BH3 

II 


85 

We  can  assume  that  the  positive  charge  on  the  transition  state  is  more 
diffuse  than  that  on  the  solvated  proton,  and  consequently  the  solvated 
proton  vjill  be  destabilised  more  than  the  transition  state  by  a  reduction 
of  the  dielectric  constant  of  the  solvent,  tloreover,  v/e  might  e:q)ect 
this  destabilization  to  be  fairly  constant  throughout  the  laethylaiaine- 
borane  series  because  of  the  relatively  snail  differences  in  the  sizes 
of  the  raethylamineboranes  and  their  postulated  transition  states. 

The  observed  trend  in  activation  energies  in  the  mixed  solvent  can 
nov7  be  rational iiied  on  the  basis  of  whether  the  dielectric  effect  or  the 
hydrogen  bonding  effect  is  predominant.  Tlie  trimethylamineborane  tran- 
sition state  is  affected  less  by  hydrogen  bonding  changes  in  the  solvent 
than  the  dimethyl anineborane  transition  state,  and  therefore  the  effect 
of  changing  the  dielectric  constant  of  the  solvent  night  be  the  control- 
ling factor  in  determining  the  activation  energy.  Thus,  in  the  50  per 
cent  l-propanol-i/nter  solution  the  hydrogen  bonding  poi/er  of  the  solvent 
is  reduced,  but  this  is  more  than  compcnsrted  for  by  the  concurrent  re- 
duction in  the  dielectric  constant  of  the  solvent.  Tlie  dimethylamine- 
borane  transition  state,  being  affected  to  a  relatively  greater  e:s:tent 
by  the  decrease  in  hydrogen  bonding  po^/er,  could  have  a  higher  activation 
energy  in  the  mixed  solvent  th^n  in  pure  uater.   In  the  case  of  the  di- 
me thy  lamineborane,  it  is  assumed  that  the  dielectric  effect  is  of  the 
sane  order  as  the  trimethylamineborane,  but  that  the  larger  influence  of 
the  loss  of  hydrogen  bonding  pox^er  leads  to  an  increase  in  the  activation 
energy  in  the  mixed  solvent  over  water,   i/e  t/ouid  therefore  predict  an 
even  larger  difference  between  the  activation  energies  of  nonomethylamine- 
borane  in  the  mixed  solvent  and  in  water  than  the  difference  in  activation 
energies  of  dime thy lamineborane  in  the  same  media. 
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TrlmetlivlamincborGne  conceatrnuions  beloi;  0«02  M.  Originally,  it 
was  decided  to  run  the  kineticG  of:   triniethylcnineborane  in  50  per  cant 
1-propanol-water  as  a  pceudo-f irst  order  reaction  using  a  large  excess 
of  hydrochloric  acid  and  follo\7ing  the  reaction  by  the  loss  o£  reducing 
po'.jcv  of  the  Goiutlon.  Ilouever,  reproJr.cible  data  could  not  be  obtained, 
Tlie  unexpected  behavior  of  these  solutions  will  be  discussed  alcng  crith 
the  implications  of  eacli  experiment.  A  brief  summary  of  these  reactions 
is  listed  'n  Table  25  on  the  following  page. 

The  upper  curve  in  Figure  20  on  page  30  is  the  pseudo-first  order 
plot  of  reducing  strength  versus  time  for  the  hydrolysis  of  apt>roxii;iately 
0.02  M  trimethylaiaineborane  and  1.0  M  hydrochloric  acid  in  50  per  cent 
1-propanol-vyater  at  31.4°C.  Tliis  type  of  deviation  from  linearity  could 
be  caused  by  the  build-up  of  intermediates  of  the  type  BH2OPV  and  BII(0R)2  3 
or  R2CH3NBH2OR  and  R2CHo,IIBII(OR)2.  If  these  intermediates  were  present, 
then  an  analysis,  of  ilie   reducing  power  of  tl'e  solution  v-70uld  erroneously 
attribute  these  reducing  equivalents  to  unreacted  trimethylaminebo-'ano. 
From  the  results  of  the  experiments  outlined  below,  we  v/ould  like  to 
eliminate  the  possibility  of  intermediate  build-up. 

If  we  assume  that  the  mechanism  of  the  reaction  involves  the 
loosening  of  a  B-N  bond  in  the  transition  state  to  form  the  araEwnium  ion 
and  a  borane  fragment,  and  that  the  borane  fragi^ient  then  forms  inter- 
mediates with  the  solvent,  then  the  other  methylamineboranes  as  \jg11   as 
diborane  would  be  ei^ected  to  form  the  same  intermediates.  These  BILOR 
and  BH(0R)2  intermediates  would  also  be  e::pGCtcd  to  have  the  sa.v.e  reac- 
tion rates,  regardless  of  the  Lewis  base  to  which  the  borane  fragment  was 
originally  attached.   Solutions  of  dimethylamineborane  and  diborane  with 
V7ith  approximately  the  Ear.ic  initial  concentrations  ac  those  used  in  the 
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TABLE  25 

SUMMARY  (F  TIE  EFFECTS  PRODUCED  BY  VMYIirc  CaJDITiaiS  IN  THE 
ACID  HYDROLYSIS  OF  TMAB  AT  LOU  COIICEinSATIONS  m 
50  PER  CENT  1-PROPAl^OL- WATER 


Condition  varied 


Effect  on  rate 


Added  solid  TMAB  to  spent  solution 

Added  allyl  alcohol  tc  fresh  solution 

Added  allyl  alcohol  to  spent  solution 

Added  trimethylaciaoniun  ion  and  boric 
acid  to  fresh  solution 

Used  alcohol  distilled  from  a  spent 
solution 

Used  alcohol  solution  in  which  tri- 
ncthylanrnoniun  ion,  boric  acid, 
and  hydrochloric  acid  had  sat 
for  twelve  hours 


Itirked  decrease 
No  change 
No  change 

No  change 

Slightly  accelerated 

No  cliange 
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Fig.  20.   Pseudo-First  Order  Rate  Plot  for  Trimethylamineborane  in 
50  Per  Cent  1-Propanol-Water  for  0.02  M  TMAB 
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trimethyl£mvineborane  hydrolysis  were  prepared.    Tlie  reactions  v/ith  these 
two  corapoundc  uerc  very  rapid,   and  over  90  per  cent  of   the  reaction  ex- 
hibited no  tendency  to  clou  to  a  rate  comparable  to  tliat  of   the  triiaethyl- 
aoineborane.     We  therefore  concluded  tiiat  if  our  mechanism  is  operative 
in  the  acid  hydrolysis  of  triinethylamlneborane  in  l-propaiiol-water  solu- 
tion,  there  was  no  build-up  of  oxidizable  interraediates  of  the  type 

BH2OR  and  BII(0R)2. 

If   the  intermcdiateG  were  of   the  type  R2CIl3l©H20R  and  R2CH3lJBII(OR)2, 
then  the  stoichiometry  would  be  different  from  tliat  originally  proposed; 


i.e.  5 


R2CH3NBH3  +  ir  -i-  3H2O 


->   B(0H)3  4-  3H2  -:-  R2CH3Nir 


Aliquots  vjere  removed  from  an  acid  hydrolysis  in  1-propanol-water  of 
similar  concentrations  to  the  original  experiinent  with  trimcthylamine- 
borane,  and  these  aliquots  were  simultaneously  analysed  for  reducing 
po^'/er  by  the  iodate  method  and  for  boric  acid,  hydrogen  ion,  and  tri- 
nethylammoniun  ion  by  a  po ten'.: ione trie  titration.  Tliis  analysis  shw/ed 
that  for  each  sir.  equivalents  of  amineborane  used,  one  mole  of  hydrogen 
ion  was  used,  one  mole  of  boric  acid  was  produced,  and  one  mole  of  tri- 
methylamr-Tonium  ion  was  produced.  This  appears  to  confirm  the  stoichio- 
metry originally  proposed  for  the  acid  hydrolysis.  We  therefore  elimin- 
ated a  build-up  of  this  kind  of  intermediate  as  an  explanation  of  the 
behavior  exliibited  by  dilute  triraethylamineborane  hydrolysis  in  alcohol 

solutions. 

The  lower  curve  in  Figure  20  on  page  83  was  obtained  frora  the  data 

when  solid  triraethylamineborane  was  again  added  to  the  solution  originally 

used  to  obtain  the  upper  curve,  and  in  which  reaction  had  gone  to 


90 

completion.  Tae  rate  was  na;  markedly  slower  and  fitted  pseudo-first 
order  kinetics.  Tliic  could  indicate  a  retardation  of  the  rate  by  one  of 
the  products  of  the  hydrolysis.  A  solution  approxiijately  0.02  laolar  in 
trine  thy  lamtaoniuo  ion  and  boric  acid  was  prepared  in  50  per  cent  1- 
propanol- water.  Solid  trimethylaiaineborane  was  added  to  this  solutionj 
no  loss  in  reducing  pov/er  was  observed  over  a  five  hour  period.  This 
indicates  that  the  trimethylainineborane  itself  does  not  react  with  the 
products  of  the   hydrolysis.  A  50  per  cent  1-propanol-water  solution  was 
made  1.0  M  in  hydrochloric  acid  and  0.02  M  in  boric  acid  and  trioethyl- 
anmionium  ion.   Solid  trimethylaiaineborane  was  added  to  the  solution;  the 
kinetic  behavior  of  this  reaction  was  the  same  as  the  behavior  of  the 
reaction  in  a  fresh  solution  without  addition  of  reaction  products.  This 
evidence  appears  to  eliminate  the  possibility  of  rate  retardation  by  a 
product  of  the  hydrolysis. 

Another  possibility  of  rate  retardation  was  that  the  hydrogen  ion 
concentration  was  being  depleted  by  an  equilibrium  which  was  slow  to  be 
established  relative  uo  the  half-life  of  the  reaction*  A  50  per  cent 
1-propanol-water  solution  was  made  1.0  II  in  hydrogen  ion  and  allo^/ed  to 
stand  overnight.   Solid  trimethylamineborane  was  again  introdiiced,  but 
the  behavior  did  not  change.  No  change  in  the  behavior  was  observed  when 
solid  trimethylaiaineborane  was  added  to  a  50  per  cent  l-propanol-water 
solution  containing  1.0  M  hydrochloric  acid,  ajad  0.02  M  in  trimethyl- 
amnonium  ion  and  boric  acid.   It  was  concluded  that  the  hydrogen  ion  con- 
centration was  not  being  depleted  in  the  initial  stages  of  the  reaction 
by  an  equilibrium. 

If  there  were  an  equilibrium  betv/een  the  acid  and  the  alcoho!' 
and  a  competition  of  these  two  acids  for  the  arrincborane ,  a  second  order 
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rate  expression  X70uld  result  anyijay.     Consider  the  equilibrium  constant 

K^q     =      [rv01l2*^-J[H20]/[ROHj[H30'^-], 

\;fiiere  R  is  the  n-propyl  group,  Assuning  the  [H20]/[rOH]  =  1/K  ratio 
remains  constant,  then  [R.OH2']  equals  K'[ll30"''].  The  t^/o  competing  rates 
are  given  by  the  equations 

TMAB  -i-  IIoO"^^   '•'  >   Ho  ►:-  products  and 

TMAB  -:-  ROII2 — ^  Ho  '^  products. 

The  rate  expression  is  then  given  by 

rate     =     kj  [TllAB]  [H3O''"]      •}•     1:2  [TliAB]  [ROIig*'']  . 

Substituting  the  [ROIIo"^"]  in  the  rate  expression,  we  arrive  at 

rate  =  kj^  [TIIAB]  [H30''1  +  k2K*  [TIIAB]  EH30"^]  , 

or  factoring, 

rate  =   [TMAB]  [H3O '']  (k^^  -:-  K'kp. 

Since  (1^,  -1-  K'k^)  is  also  a  constant,  this  type  of  equilibrium  should 
also  give  second  order  kinetics.  Tlierefore  this  line  of  reasoning  cannot 
explain  the  type  of  behavior  observed. 

Attcnpts  were  made  to  determine  the  initial  rates  of  the  reaction 
x^hile  varying  one  concentration  and  Iceeping  the  other  constant.  How- 
ever, reproducible  results  could  not  be  obtained. 

Tlie  next  possibility  investigated  was  that  an  inpurity  in  the  alco- 
hol night  be  accelerating  or  retarding  the  rate  of  the  reaction.   It  was 
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found  that  the  rate  constant  of  the  linear  lot/er  curve  in  Figure  20  is 
about  0.0034  min."^*  Converting  this  pseudo-first  order  rate  constant, 
ki,  to  the  second  order  rate  constant,  ko,  by  the  relations 

rate  =  k^^  [TI-IAB]  and 

ki  =   k2[ir], 

we  get  5.6  X  10"^  liter /mole/ sec.  as  the  second  order  rate  constant.  This 
is  the  same  order  of  oagnitude  as  the  rate  constant  calculated  for  the 
hydrolysis  of  the  anineborane  at  higher  concentrations  in  50  per  cent  1- 
propanol-i/ater  at  a  coiaparable  temperature.  Tlierefore,  it  v/as  assumed 
that  there  was  an  initial  acceleration  of  the  rate  rather  than  a  sub- 
sequent retardation. 

To  eliminate  a  small  ic^urity  which  might  react  rapidly  with  the 
amineborane ,  reagent  grade  1-propanol  was  treated  with  hydrochloric  acid 
and  trimethylamineborane.  VTaen  the  gas  evolution  had  ceased j  tht  solution 
was  neutralized  with  potassium  hydroxide  and  then  distilled.  Tlie  aseo- 
trope  previously  mentioned  was  collected,  Tlic  rate  curve  in  solutions 
made  with  this  alcohol  was  very  similar,  but  not  identical,  with  the 
original  rate  curve,  Tlie  hydrolysis  of  the  spent  solutions  behaved  the 
same  way  as  the  spent  solutions  in  the  lo^yer  curve  of  Figure  20. 

According  to  the  litert^ture^-^  -llyl  alcohol  might  be  a  possible 
contaminant,  but  the  addition  of  allyl  alcohol  had  no  effect  on  the  ve- 
havior  of  the  hydrolysis  in  spent  solutions  or  in  fresh  solutions. 
Reagent  grade  1-propanol  was  dried  over  calcium  sulfate  and  then  distilled, 
A  vapor  phase  chromatograph  showed  only  one  peak  i-Tliich  indicates  a  rather 
pure  solution.  Hydrolysis  in  spent  and  fresh  solutions  of  this  alcohol 
showed  the  san^  behavior  as  previous  esqperiments.   It  should  be  pointed 
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out  that  at  the  lower  concentrations  of  trimethylanineborane  used,  an 
impurity  concentration  of  only  about  0.5  per  cent  could  cause  the  observed 
behavior.  As  tlie  initial  concentr«ition  of  trinethylaraineborane  is  in- 
creaeed,  the  initial  fast  portion  of  the  reaction  C2;tends  over  increas- 
ingly srialler  percentages  of  reaction  until j  finally,  at  larger  trimethyl- 
araineborane  concentrations  the  fast  rate  portion  is  no  longer  observed, 
and  the  reaction  behaves  according  to  a  simple  second  order  rate  lavj. 

From  these  observations  iu  is  concluded  that  an  entirely  different 
mechanism  is  operative,  or  that  nn  impurity  is  being  regenerated  in  ul*a 
alcohol  distillation.  As  discussed  in  the  first  part,  the  kinetics  of 
t rime thy lanineborane  xn  50  per  cent  1-propanol-water  solutions  behave  as 
e:q)ected  at  higher  concentrations. 

C.  The  distribution  coefficient  of  oonomcthylanincboranG  between  uater 
and  benzene 

Because  of  the  Irigh  solubility  of  monomethylamineborane  in  water 
and  the  rather  cumbersome  preparative  procedures j  it  was  decided  to 
determine  the  heat  of  solution  of  the  adduct  in  water  by  an  indirect 
method.  Consider  the  equilibria  beloiz,  where  the  K's  are  the  distribu- 
tion coefficients,  y  and  k   are  the  degrees  of  association  in  unsaturated 
and  saturated  aqueous  solutions,  respectively,  and  w  and  v,  in  the 
benzene,  respectively. 


-^  (solid) 


^^(solid) 


_^ 


^(aq.) 


x(aq. ,  sat.) 

A 


-^  /. 


v(org.,  sat.) 
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Tlie  distribution  coefficient  at  saturation  is 


[\rJ0rg.3   sat. 


and  at  un saturation  is 


Assuming  that  K,  =  K^.^  and  taking  the  logaritlm  of  the  equation,  uc   have 
mln[Ay]aq^   -  nlnMo^g.  =  l^C^Jaq.,  sat.   -   l^t^7^org.,  sat.  (^) 

Differentiating  the  equation  with  respect  to  1/%  where  T  is  the  tempera- 
ture, ue  get 

=  ^""^^-^aq.  sat.     ^^^Kjorp;.,  sat. 

d(l/T)        "       d(l/T)  ^  ^ 

Assume  that  m  and  n  are  not  tanperature  dependent,  so  that  ■,'■/_;.  and 

d(i/i; 

dn 
d(l/^)   ^'"^^  sero,   then 

dln[\Jaq.      _  din  [A^y3o^:g.      ^     din  [A J ^.^j.,    sat.    ^        dln[\Jo.-^,^  gat, 

d(l/T)  ""       d(l/T)  d(l/T)  d(l/T) 

(3) 

The  right  hand  terms  of  the  eqxiation  can  be  related  to  the  heats  of 
solution  by  the  procedure  outlined  below  for  the  aqueous  case. 
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:cA(3)       ^^«  ^  ^.(aq.,  sat.) 


""^ 


K^q^  =   t^:J,aq«:  sat:.^  assume  [^(5)]"  =  1 


•  •   J.V 


cq.      '■^c-'aq, ,  sat, 


AG  =  -RTlnKeq-  =  -^^"i^lnt^Jaq. ,  sat. 
All  -  T  S  =  -RTlnlA'Jaq.,  sat. 

Differentiate  with  respect  to  1/T,  assuming  AS  9^  fCT),  although/^ 
is  probably  a  function  of  T. 

"aq.  d(l/T) 

The  heat  of  solution  in  bensene  can  be  found  by  an  analogous  procedure. 
Substituting  the  heats  of  solution  for  the  tenas  in  the  right  hand  sl.dc 
of  eqiiation  (3)  j  ue   arrive  at 

^  din  [Ay]  .q^   _  ^^dlal/^J^^^     ^       -AHag,   ^^    AHp^^p,, 

d(l/T)  d(l/T)         R  R      (4) 

Assume  that  over  the  given  temperature  range,  the  degrees  of  association 
change  in  such  a  way  that  the  ratio  m/n  =  1  is  essentially  maintained. 
Therefore,  the  equation  becomes  on  rearrangement 

d     Ini^il^ 
laq.     -     ^*org' 


AtUc      =     AIW«.      -     Rn [fhlkra^ 


d(l/T) 


dlnKn 

or  AlLfl       =     AHo„^       -     Em  77—;,  (5) 

aq.  oig.  d(l/T) 
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It  ic  seen  that  the  hent  of  solution  of  oonomethylanineborane  cnn 
be  approxinatcd  fron  the  heat  of  solution  in  bencene  and  the  slope  of 
In  K^j  versus  1/ temperature. 

We  therefore  obtained  the  solubility  curve  of  riionomethylamine- 
borane  in  bensene,  shoim  in  Figure  IG  on  page  63.  Tac  heat  of  solution 
calculated  from  the  least  squares  slope  of  tLa  line  was  7.32  kcal./oole. 
This  experiment  also  led  to  the  cryoscopic  experiaent  which  is  dis- 
cussed in  part  D. 

Tlie  distribution  coefficients  were  calculated  for  several  tempera- 
tures assuming  that  n  =  n  =  1.  Tliese  data  arc  listed  in  Table  26  on  the 
follotJing  pace.  Tlic  plot  of  the  log  Fs^  versus  1/ temperature  is  shotm 
in  Figure  21  on  page  98.  It  can  be  seen  that  the  precision  was  rather 
poor.  The  average  K^  value  for  each  temperature  v/as  calculated,  and  a 
straight  line  was  drai/n  through  these  average  points.  The  value  of 
-R  d  log  Ku/d(l/T)  was  calculated  to  be  -1.01  heal. /mole  from  the  least 
sqiiares  slope  of  the  line.  Adding  this  value  to  the  7.32  kcal./raole 
found  for  the  heat  of  solution  in  bcnnicuc,  we  arrived  at  an  approxii:V?.te 
value  of  6^31  kcal./nole  for  the  heat  of  solution  of  monomethylamine- 
borane  in  water. 

Diie  to  the  lack  of  precision  of  the  data  and  the  assiimptions  we 

!i  46 

made  J  it  v/as  decided  to  use  a  more  direct  approach.  Woth  and  Beyer's 

data  indicated  considerable  and  varying  degrees  of  association  of  the 
amincborane  in  water  and  ben.'3ene5  and  \jg   were  reluctant  to  trust  our 
appr oxima  t  ion . 

Tlie  heat  of  solution  of  monooethylamineboranc  in  water  t/as  deter- 
mined directly  by  using  microtecb-niques;  the  solubility  curve  is  sham 
in  Figure  15  on  page  60.  Tlie  heat  of  solution  calculated  from  the  least 
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TABLE  26 
DISTRIBUTiai  COEFFICIENT  FOR  IIMAB   IN  BENZENE  AND  WATER 


Distribution 

coefficient,  K^ 

log  K^ 

los  ^,   avg. 

1/T, 

46.47 

1.6672 

45.56 

1.6536 

1.6600 

45.11 

1,6543 

45.44 

1.6574 

47.74 

1.6790 

1.6797 

50.42 

1.7026 

43.70 

1.6375 

43.70 

1.6375 

1.6863 

43.31 

1.6340 

49.38 

1.6936 

49.42 

1.6939 

1.6971 

50.55 

51.52 

1.7120 

50.4^- 

1.7023 

1.7059 

50.46 

1.7030 

54.96 

1.7400 

51.88 

1.7150 

1.7233 

52.05 

1.7164 

1/T,   103  'A  Ok.-I 


;.322 


> .  3o  i. 


;.434 


1.432 


1.531 


3.595 
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Fig.  21.   Plot  of  Log  Distribution  Coefficient  vs.  ^  for  MMAB  in 
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squarec  slope  of  the  line  is  6.26  kcal./molG»  Tliis  apparent  agreenent 
bGtv7een  the  two  methods  implies  that  our  assumptions  may  not  be  too 

badj  and  that  the  degrees  of  associations  ra  and  n,  are  close  to  unity. 

Tlie  association  of  nonomethylamineborane  in  bensene  is  greater  than  the 

It 
association  in  water,  according  to  Noth  and  Beyer,  and  since  the  con- 
centration in  water  is  '^^0-50  tines  greater  than  that  in  the  bensene, 
both  n   and  n  roay  have  been  approximately  equal  to  one.  Our  data  also 
seem  to  indicate  that  the  ratio  and  the  degrees  of  association  themselves 
do  not  change  very  much  with  a  change  in  temperature. 
D._  Tac   cryoscopy  of  monomcthylamineborane  in  benzene 

As  mentioned  above  in  part  C,  we  liad  occasion  to  drt ermine  the 
solubility  of  monomethylamineborane  in  bensene  at  various  temperatures. 
However,  cryoscopic  data  obtained  by  itoth  and  Beyer'^"  on  the  association 
of  the  alkylamines  in  bensene  implied  that  monomethylamineborane  had  a 
much  higher  solubility  in  bcnser.a  than  we  had  observed  by  direct  neasure- 
nent.  He  therefore  decided  to  repeat  their  experiment  on  the  association 
of  the  monomethylamineborane  in  bensene. 

The  van't  Hoff  factors,  i,  were  calculated  from  the  expjrecsion 
m-Kf/ATos  where  m  is  th.e  molality  in  grams  of  solute  per  1000  gm.  of 
solvent,  Kf  is  th.e  cryoscopic  constant  for  bensene,  and  ATq  is  the  e:q?eri- 
mentally  observed  freesing  point  depression  in  degrees  Centigrade,  Noth 
and  Beyer  list  i  values  up  to  2,15,  corresponding  to  a  molality  of  .107. 
Our  data  indicated  that  the  solubility  of  monomethylamineborane  in 
bensene  near  the  freesing  point  of  the  solution  was  around  0.08  molal. 
The  molarity  determined  at  room  temperature  was  converted  to  molality  by 
dividing  the  molarity  by  the  density  of  bensene  at  25°C.  Tlie  density 
at  this  temperature  was  calculated  from  a  linear  interpolation  of  the 
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densities  of  benzene  at  20  and  30°C.   Tlie  value  calculated  uas   0.874  g./ 
ml.   It  uas  thought  that  we  could  confirm  our  solubility  curve  if  uq 
observed  no  change  in  the  freezing  point  depression  of  solutions  greater 
than  0.03  molal,  Tlie  data  obtained  are  listed  in  Table  27  on  the  fol- 
lo^/ing  page,  and  these  data  appear  to  verify  the  fact  that  the  solution 
is  indeed  saturated  above  concentrationc  around  0.03  nolal.  To  deter- 
mine the  molality  of  the  solution  at  saturation,  the  observed  freezing 
point  depression  was  subtracted  from  the  freezing  point  of  pure  berj:cne. 
The  freezing  point  of  the  satv'.rated  solution  './as  calculated  to  ba  5.25^C. 
Tlie  concentration  of  the  saturated  solution  uas  then  found  from  the 
solubility  curve  in  Figui-c  13  on  page  63 ^  by  c;;trapolation  at  this  ter.i- 
perature,  to  be  0.0774  molal.  Tlie  i  values  calculated  from  this  molality 
and  the  constant  freesiiig  point  depression  value  found  above  this  con- 
centration ,  gai'^e  a  liaximum  i  value  of  1.40,  A  comparison  of  the  i  values 
found  in  tliis  work  and  those  found  by  Hoth  a\id  Beyer  are  listed  in 
Table  27,  as  well  as  i  values  calculated  using  our  data  and  neglecting 
the  saturation.  A  comparison  of  these  various  i  values  versus  molality 
plots  is  illustrated  in  Figure  22  on  page  102. 

Tlie  sources  of  error  vThich  would  lead  to  high  i  values  in  Noth's 
vrorl:  or  low  values  for  the  observed  freesing  point  depressions  are  diffi- 
cult to  assay  and  highly  speculative.  Any  error  due  to  an  impurity  in 
the  monomethylamineborane  would  depend  on  the  t^^pe  and  rnolecular  xjelght 
of  the  impurity.  Less  obvious  and  less  lil:ely  sources  of  error  also  in- 
clude the  possibility  of  supersaturated  solutions,  conipound  hydrolysis, 
an  inaccurate  thermoaetcr,  and  varying  degrees  of  water  contamination 
of  the  benzene. 


TABLE  27 
CRYOSCOPIC  DATA  FOR  IKXIOlETIiYLAlIIKEBOPvANE  IN  BEI^ZENE 


lOl 


Ejupected  fr.pt. 
liolality  at       depresG.   neglect-       Observed  fr. 
25°C.3^  ing  saturation  pt.   depress. 


Tjiis  i/orlc 

1 

Noth  & 
Beyerb 

1.03 

- 

1.11 

1.52 

1.23 

1.50 

1.28 

1.63 

1.51 

1.89 

1.G2 

1.94 

1.75 

2.05 

2.01 

2.20 

2.42 

. 

0.0167 

0.0286 

0.0439 

0.0551 

0.0834 

0.0399 

0.0974 

0.112 

0.134 

Saturation 
concen t ra  t  ion- 
0.0774 


0.084 
0.146 
0.226 
0.282 
0.427 
0.460 
0.499 
0.573 
0.636 

0.396 


0.061 
0.132 
0.133 
0,221 
0.232 
0.234 
0.285 
0.285 
0.283 


0.234   (Avg.)         1.40 


^Linear  interpolation  from  densities  of  benzene  at  20  and  30°C.2-*- 
Walues  extrapolated  from  graph  on  page  931  of  Chen.  Ber . ^  93  (1960). 
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Fig.  22.   Plot  of  i  Values  vs.  Molality  for  MMAB  in  Benzene 
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If  the  i  values  irere  calculated  on  the  basis  of  the  molality  at 
room  temperature,  without  suspecting  that  a  satura-ed  solution  was 
present,  high  i  values  would  be  obtained,  but  a  constant  freezing  point 
depression  should  have  been  obsei-ved  for  the  higher  concentrated 
solutions.  Tliis  behavior  is  not  indicated  in  Noth's  study. 

The  most  probable  error,  in  our  opinion,  is  the  lack  of  experi- 
mental  points  in  the  saturated  region.  According  to  Noth  s  plot  of  i 
versus  molalityj  only  four  experimental  points  are  indicated.  Tv/o  of 
these  points  are  below  the  saturation  concentration,  one  ic  above,  and 
one  is  very  near  our  calculated  saturation  concentration  valine.  There- 
fore it  is  very  possible  that  the  freezing  point  depression  of  the  two 
latter  points  were  different.   If  only  one  point  were  talcen  in  the 
region  of  saturation,  and  if  the  molality  of  this  solution  were  calcu- 
lated by  a  weighed  amount  of  solid  added,  then  the  expected  freezing 
point  depression  would  be  too  high.  This  in  turn  would  lead  to  an  ab- 
normally high  i  value  for  this  point.  Tlie  i  versus  m  curve  for  the 
monoraethylamineborane  in  benzene  would  then  be  different  from  the  curve 
given  and  might  shot/  the  sane  behavior  as  the  other  nonoallcylamine- 
boranes,  although  actual  measurcanents  in  this  region  would  be  impossible 
to  obtain,  Noth  and  Beyer  s  i  values  are  slightly  higher  than  ours, 
but  we  believe  the  significant  point  to  be  rjadc,  is  that  our  data  show 
that  i  values  for  the  association  of  monomethylamineborane  in  solutions 
above  approximately  0.08  molal  cannot  be  experimentally  determined. 

In  an  article  on  the  dipole  moments  of  the  methylamineboranes  in 
benzene,'^''  the  authors  mention  an  une:sq)ectedly  low  dipole  nKJment  differ- 
ence between  the  monomethylamineborane  and  the  other  amineboranes , 
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compared  to  their  data  on  the  r.csociation  phcnoniena.  Our  results  in- 
dicate that  the  association  of  oonomethylamineborane  in  benzene  is  less 

n 

than  that  found  by  Iloth,  and  therefore  this  discrepancy  between  tiie 
dipole  noraent  data  and  the  association  data  reported  by  Hoth  may  not, 
in  fact,  exist. 


CHAPTER  V 


The  kinetics  of  the  acid  hydrolysic  of  mono-  and  diracthylaminc- 
borane  have  been  studied  in  v/atcr,  and  the  acid  hydrolysic;  of  di-  and 
trimethylamineborane  liac  been  studied  in  an  aqueous  solution  containing 
50.6  per  cent  1-propanol  by  volume,  TIic  activation  energies  for  each 
case  were  determined  from  the  slopes  of  the  Arrhenius  plots. 

Tiic  heats  of  hydration  of  inoao- ,  di-,  and  trimethylamineborane 
v/ere  calculated  from  CKperimentally  determined  heats  of  solution  and 
literature  values  for  the  heats  of  vaporisation.  Tlie  heat  of  solution 
for  aonomethylamineborane  was  determined  directly  from  the  solubility 
curve  in  water,  and  indirectly  from  the  distribution  coefficients  in 
v/ater  and  bensenc  and  the  solubility  curve  in  bensenc, 

Tiie  freezing  point  depressions  of  oonomethylamineborane  in  benzene 
were  determined  at  several  concentrations*  Van't  Itoff  factors  were  then 
calculated  and  compared  to  values  in  the  literature. 

The  results  obtained  ohCM   that  tlie  acid  hydiolyses  in  both  media 
are  first  order  in  amineborane  concentration  and  first  order  in  acid 
concentration.  TIic  activation  energies  in  water  are  21,2  and  15.8 
kcal./mole  for  di-  and  roonomethylamineborane ,  respectively.  The  acti- 
vation energies  in  tlie  miiced  solvent  are  22,0  and  23.4  kcal./mole  for 
di-  and  triraethylamineboranej  respectively^.   The  trends  exhibited  by 
the  activation  energies  in  the  tv/o  roedia  have  been  rationalized  on  the 
basis  of  changes  in  the  dielectric  constant  of  the  media,  changes  in  the 
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hydrogen  bonding  poijer  o£  the  medir.,  and  differences  in  the  hydrogen 
bonding  capabilities  of  the  transition  states  compared  to  the  amine- 
boranes  themselves. 

The  heats  of  hydration  of  mono-,  di-,  and  trimethylavaineborane 
are  -12,53  -12,9,  and  -9,1  Iccal./mole,  respectively.   It  is  proposed 
that  the  relatively  greater  clianges  in  the  heats  of  hydration  of  the 
transition  states  compared  to  the  ground  states  are  a  major  factor  in 
the  activation  energy  trends. 

Tac  freezing  point  depression  data  indicate  that  the  monomethyl- 
amineborane-bensene  solution  is  saturated  at  concentrations  above  0.08 
vAolal,  at  the  freezing  point  of  the  solution.   It  was  concluded  tliat 
the  van't  Hoff  factors  for  nonomethylamineborane  in  beasenej  v/hich  arc 
given  in  the  literature,  have  been  erroneously  reported. 
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